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FOREWORD

This document, though an official release of the Apollo Program Office, is furnished

for information purposes only. Its purpose is to create awareness, stimulate interest

and further promote understanding in the art and science of making real-life forecasts

and their subsequent utilization in the control of space vehicle weight and performance

throughout the Apollo Program.

This book is primarily intended for those in the Apollo Program who are responsible

for the administration, design, development, manufacture, and test of the Apollo Sys-

tem. New theorems have been developed, as well as application of proven techniques

but more importantly, a weight/performance forecasting methodology has been devel-

oped and automated. The text emphasizes the utilization of forecasting devices as ap-

plied to space vehicle weight and performance since these two parameters are of vital

interest to all levels of management as well as technical personnel. Further, weight

is tangible and readily measurable and can be readily related to performance.

The text provides, to those who wish to apply the developed methodology, all details

necessary to do so and includes the mathematical development, computer program

user's manuals and necessary instructions and procedures.

Forecasts and Appraisals for Management Evaluation text is intended to be a construc-

tive aid to the NASA Apollo team in assisting them in the weight and performance area.

Major General, USAF
Director, Apollo Program
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SECTION 1

INTRODUCTION

I. 1 PURI:_)SE

The purpose of Volume YI of the Structural Systems and Program Decisions document

is to present a detailed description of the programming of the Structural Weight Opti-

mization Program (SWOP) under executive control. Individual subprograms related

to SWOP are also described in detail.

1.2 CONTENTS

A general description of the SWOP program and its various subprograms is contained

in Volume 1, The User's Manual. Engineering analyses for the optimization of these

subprograms are found in the appendices to Volume 1.

Volume II, therefore, supplements these general descriptions with more detailed pro-

gramming information. Details of mathematical techniques such as iterations used in

the procedures for optimizing each construction and instructions for corrective meas-

ures are provided.

Section 2 details the organization and description of the Executive Control Program.

The STRESS subprogram is covered in Section 3 and the construction subprograms

are found in Section 4. These are followed by the subroutines developed for the single-

face corrugation, semi-monocoque and the integral ring and stringer stiffened con-

struction subprograms. Each section contains flow charts which can be used for plan-

ning purposes to provide expansions and additions to the program which is highly

modular in design.
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SECTION2

EXECUTIVECONTROLPROGRAM

2.1 ORGANIZATION

The executive control program consists of a main controlling program, and a series

of modules. Each module is designed to perform a particular task. The main pro-

gram guides the flow of control through the necessary modules as it decides which se-

quence of operations is required to perform the user-specified task. A listing of

available options, and a discussion of the executive control program philosophy and

the advantages of executive control program organization is given in Section 4 and

Appendix D of the User's Manual. This section is concerned primarily with the pro-

g-ramming details.

A flow chart showing the hookup of modules is illustrated in Figure 2-1. These mod-

ules can be altered to fit the overlay scheme at the user's computer facility.

2.2 DESCRIPTION

The following variables are used in the executive control program.

2.2.1 COMMON/MATPRO/PROP (12, 16), TPROP (12, 5, 10)EC, SY, SU, SI0,
SI85, TEMP

This common block is used for storing material properties. The array PROP (12, 16)

contains material properties according to the following code.

2.2.1.1 PROP (I,J)

PROP (I, J) = the actual property, where:

a. I = metal index (i to 12). Present configuration is:

1 -->Aluminum 2014-T6

2 _ Aluminum 7075-T6

3 --> Aluminum 2024-T4

4 _ Aluminum 2219-T87

5 _ Titanium 6A1-4V

6 _ Steel AISI4340

7 _ Magnesium HK 31A-H24

2-1
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8
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tii
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I
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3
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5
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7

8
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i0
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13 1
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Stainless Steel

Berylium

PH15-17M0

Y5804-QMV5

blanks left for expansion

property index, where:

material density

Poisson's ratio for material

monocoquc minimum skin thickness

honeycomb minimum face thickness

waffle minimum rib thickness

waffle minimum skin thickness

corrugation minimum skin thickness

corrugation minimum corrugation thickness

corrugation minimum ring thickness

semi-monocoque minimum skin thickness

integral stiffened minimum skin thickness

integral stiffened minimum stringer thickness

blanks left for future expansion

2.2.1.2 TPROP {I_ J_ K)

TPROP (I, J, K) = the material property with:

a. I : metal index (1 to 12), as for 2.2.1.1.

b. J -- property index (1 to 5), where:

1 _ Ec, the Young's modulus

2 _ _y, the yield stress

3 _ aul t, the ultimate stress

4 _ _o' the secant yield stress at 70 percent E c

5 _ ass, the secant yield stress at 85 percent Ec

c. K = the index of the temperature (1 to 10) at which the material prop-

erty is given. Presently, K = 1 to 9 is used, with temperatures of

+100 degrees to -300 degrees covered in increments of 50 degrees.
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o2.13 E
_o c

E = YoungTs modulus returned by subroutine INTERP for temperature given in TEMP.
e

2.2.1.4 SY

SY = yield stress of material returned by INTERP.

2.2.1.5 SU

SU = ultimate stress returned by INTERP.

o 9 1 6 SI0

SI0 = secant modulus at 70 percent of E e
returned by INTERP.

2.2.1.7 SI85

SI85 = secant modulus at 85 percent of E
e

returned by INTERP.

2.2.1.8 TEMP

TEMP = temperature input to INTERP routine for finding of material properties.

2.2.2 COMMON/USES/NSUS (6), NMUS (7)

2.2.2.1 NSUS (1)

NSUS (i) = the total number of subprograms to be entered into the matrix leaders.

2.2.2.2 NSUS (2 to 6)

NSUS (2 to 6) = the actual subprogram indices for this matrix (up to a total of 5)

(see below).

2.2.2.3 NMUS (1)

NMUS (1) = the totalnumber of materials to be entered into the matrix leaders.

2 2.2.4 NMUS (2 to 7)

NMUS (2 to 7) = the actual material indices for this matrix (up to a total of 6).

2-4



Subprogram indices follow the code:

1 _ monocoque

2 _ honeycomb sandwich

3 _ 45-degree waffle

4 _ 90-degree waffle

5 _ no-face corrugation

6 _ single-face corrugation

7 _ semi-monocoque

8 _ integral ring and stringer stiffened

10 blanks left for expansion

2.2.3 COMMON/LOOPER/NSP (10,8)

2.2.3.1 NSP (I,1)

NSP (I, 1) = signal for whether subprogram I is to be included in the present loop.

NS1 :)(I,1) = 2 _ signal is "on."

NSP (I,1) = 0 _ signal is "off."

2.2.3.2 NSP (I, 2)

NSP (I, 2) = total number of materials to be included in the loop for construction sub-

program I (up to 6 materials).

2.2.3.3 NSP (I,3) to NSP (I,8)

NSP (I,3) to NSl ) (I,8) = the actual indices of the materials tobe run with subprogram I.

2.2.4 COMMON/IDBLOK/ID (50, 2), ICOUNT, ITSP, ITMAT

2.2.4.1 ID (I,l)

ID (I,1) = discontinuity at which the "Ith" structural unit being considered in this job

is located. For heads, this is the discontinuity atwhich it is attached to the wall of

the vehicle. For conical sections, this is the discontinuity at the bottom of the station.
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2.2.4.2 ID 0,2)

ID (I, 2) = a signal which indicates the t)33e of the "I th'' structural trait in this job.

ID (I, 2) = 1 _ conical section

= 2 _ bottom head

= 3 _ top head

6

2.2.4.3 ICOUNT

ICOUNT : the number indicating the sequence in this job of the structural unit presently

under consideration. For example, ICOUNT = 5 indicates that we are presently opti-

mizing the fifth structural section in this job.

2.2.4.4 ITSP

ITSP = index of construction subprogram presently under consideration.

2.2.4.5 ITMAT

ITMAT = index of material presently under consideration.

2.2.5 COMMON/BLURB1/LRUN, LPHASE, NTANKS, DH, G1, G2, HP (10),

HD (10), STIME, ETIME, KHYDRO, XMEMBR

This is a labeled common into which run and phase headers are read from the STRESS

restart tape. The variables presently used by the executive control program from

this common are as follows.

2.2.5.1 LRUN

LRUN = run number.

2.2.5.2 LPHASE

LPHASE = phase number.

2.2.5.3 NTANKS

NTANKS : number of tanks.

2.2.5.4

HP (1) = effective pressure of tank I.
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2.2.5.5 HD (D

HD (I) = test fluid density for tank I.

2.2.5.6 STIME

STIME = time of start of flight.

2.2.5.7 ETIME

ETIME = time of end of flight.

2.2.5.8 KHYDRO

KHYDRO = signal for hydrostatic test.

2.2.5.9 KMEMBR

I_LMEMBR = (Not used in this version of the program)

2.2.6 COMMON/BLURB2/NTB, NTY, IMET, A, B, C, NAIL, ITAN, VSUB

This is a labeled common into which information for each structural section is read.

The following variables are used by the executive control program and its subprograms.

2.2.6.1 NTB

NTB = number of stations considered for this structural section.

2.2.6.2 NTY

NTY = signal indicating type of this structural section.

NTY = - 1 _ conical section

= 0 _ bottom head

= +1 --> tophead

2.2.6.3 A

A = semimajor axis, if this is an ellipsoidal head.

2.2.6.4 B

B = semiminor axis, if this is an ellipsoidal head.
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2.2.6.5 C

C - heightof this ellipsoidal head.

2.2.6.6 NAIL

NAIL = discontinuity for this structural unit.

2.2.6.7

2.2.6.8

_2.7

VSUB (Not used in this version of the program)

ITAN (Not used in this version of the program)

COMMON/TSTORE/UPD (400, 17)

2.2.7.1 UPD (I,J)

UPD (I, J) = information about each station for this structural unit, where I = station

number (I may assume values from 1 to NTB).

2.2.7.2 UPD _I_l)

UPD (I, 1) = height at station I.

2.2.7.3 UPD (I_2)

UPD (I, 2) = N x, the axial stress for maximum membrane load {picked over time) at

this station. "+" sign indicates tension. "-" sign indicates compression.

2.2.7.4 UPD (I_ 3)

UPD (I, 3) = Ny, the hoop stress for maximum membrane load at this station.

2.2.7.5 UPD (I, 4)

UPD (I, 4) = radius at station I. A negative sign is given here if the hydrostatic test

was the governing design condition at this station.

2.2.7.6 UPD {I, 5)

:_/N x - + N 2UPD (I, 5) 2 NxNy Y
for maximum membrane load at station I.

2.2.7.7 UPD (I, 6)

UPD (I, 6) = time in flight at which maximum membrane load occurred.
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2:2.7.8 UPD a, 7)

UPD (I, 7) = Nx(b), the maximum buckling load (over time) at station I.

2.2.7.9 UPD (I, 8)

UPD (I, 8) -- Ny(b), the loop load corresponding to the maximum buckling load.

2.2.7.10 UPD (I_10)

UPD (I, 10) = time in flight at which maximum buckling load occurs.

2.2.7.11 UPD _I_112

UPD (I, 11) = Nx(d), corresponding to UPD (I, 13).

2.2.7.12 UPD (I_12)

UPD (I, 12) = Ny(d), corresponding to UPD (I, 13).

2.2.7.13 UPD (I_13)

UPD (I, 13) = maximum algebraic quantity over time of (N x + N?. Remember that

signs are considered on all the stresses. This is a loading condition that must be con-

sidered for waffle construction stability, and is popularly called the "greatest differ-

ence load."

2.2.7.14 UPD (I, 14)

UPD (I, 14) = time in flight at which maximum "greatest difference load" occurs.

2.2.7.15 UPD (I_15)

UPD (I, 15) = temperature at time of maximum membrane load.

2.2.7.16 UPD (I_16)

UPD (I, 16) = temperature at time of maximum buckling load.

2.2.7.17 UPD (I_17)

UI)D (I, 17) = temperature at time of maximum "greatest difference load."
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2.2.8 COMMON/LSECT/THICK (i0, 15), NSHEET, LENSK, LEN, REQBAR,

DIAM, SHEET

2.2.9 DIMENSION LIMIT (i0,15)

2.2.10 EQUIVALENCE (LIMIT, THICK)

This common contains sheet division information for the structural unit under

consideration.

2.2.10.1 NSHEET

NSHEET = total number of sheets for this section.

2.2.10.2 LENSK

LENSK = height, ifthis is a conical section.

2.2.10.3 LEN

LEN equivalent cylindrical length (may be different from LENSK if this conical sec-

tion is not a cylinder).

2.2.10.4 REQBAR

REQBAR = equivalent cylinder radius for conical sections.

2.2.10.5 SHEET

SHEET = maximum sheet length for this construction (at one stage of computations),

and later floating point form of NSHEET.

2.2.10.6 LIMIT (I,1)

LIMIT (I,i) = station at which sheet I starts (Imay be from 1 to i0).

2.2.10.7 LIMIT (I, 2)

LIMIT (I, 2) = station at which sheet I ends.

2.2.10.8 LIMIT (I, 3)

LIMIT (I, 3) = station of maximum buckling load in sheet I.

2-10



2.2.10.9 LIMIT (I, 4)

LIMIT (I, 4) = station of maximum membrane load in sheet I.

2.2.10.10 LIMIT (I, 5)

LIMIT (I, 5) -- station of maximum "greatest difference" load in sheet I.

2.2.10.11 THICK (I, 6) to THICK (I, 15)

THICK (I, 6) to THICK (I, 15) are spaces provided for each subprogram for bookkeeping

of design parameters that vary sheet to sheet. This prevents space wasting by dupli-

cation for each subprogram.

2.2.11 COMMON/KONST/PI

COMMON/KONST/PI contains the constant 3. 1415927.

2.2.12 COMMON/TEMRAN/ITEMPT, RANGE (10)

2.2.12.1 ITEMPT

ITEMPT = number of discrete temperatures for which material properties are stored

in TPROP (I, J, K).

2.2.12.2 RANGE (1) to RANGE (ITEMPT)

RANGE (i) to RANGE (]TEMPT) = the actual temperature values (up to a maximum of

ITEMPT equals 10).

2.2.13 COMMON/FABFAC/FABX (13)

This common contains fabrication for the various subprograms.

2.2.13.1 FABX (I)

FABX (I)= fabrication factor for conical section designed by construction subpro-

gram I. (There are up to 10 subprograms.)
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2.2.13.2 Ellipsoidal Heads

For cllipsoidal heads the fabrication factors are as follows:

a. FABX (11) for monocoque.

b. FABX (12) for honeycomb sandwich.

c. FABX (13) for waffle (45 degree and 90 degree are the same).

2.2.14 COMMON/SPACE/DATA (125)

Common used by the input routines for temporary storage while organizing input.

2.2.15 COMMON/SUE/NTAPE (12)

Common used to give logical unit numbers to the tapes needed by the program.

ently only NTAPE (1) through NTAPE (6) are used.

2.2.16 COMMON/OPTSET/NC (200)

2.2.17 DIMENSION CN (200)

2.2.18 EQUIVALENCE (NC, CN)

An array used to store signals for various modules of the executive program.

2.2.18.1 NC (1)

NC (1) = number of jobs.

2.2.18.2 NC (2}

NC (2) = type of job presently being done.

2.2.18.3 NC (5}

NC (5) = discontinuity at which to start computing optimum structures.

2.2.18.4 NC {6}

NC (6) = discontinuity at which to end computations.

2.2.18.5 CN{7}

CN (7) = yield stress safety factor for this job.
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2.2, 18.6

CN (8) = ultimate stress safety factor for this job.

2.2.18.7

NC (9) = signal for loads multiplier. NC (9) = 0 _ no multiplier. NC (9) = 1 _ yes.

2.2.1s.s CN g0)

CN (10) = actual value of multiplier to be used if NC (9) = 1.

2.2.18.9 NC (ii)

NC (ii) = run number to find on restart tape.

2.2.18.10 NC (12)

NC (12) = phase number to find on restart tape.

2.2.18.11 NC (140) and NC (141)

Signals used internally in waffle 45-degree and 90-degree programs.

2.2.18.12 NC (145)

NC (145) = number of subtotals for this job.

2.2.18.13 NC (150)

NC (150) = signal for whether subtotals matrix is desired. 1 _ yes. 0 _ no.

2.2.18.14 NC (151)

NC (151) = signal for printout of section by section matrix. 1 _ yes. 0 _ no.

2.2.18.15 NC (152)

NC (152) = signal for detailed output. 1 _ yes. 0 _ no.

2.2.18.16 NC (153)

NC (153) = signal for whether additional job type output matrices are wanted for jobs

of types 2, 3, or 4.

2-13



2.2.18.17 NC (154)

NC (154) = job type of first additional output wanted.

2.2.18.18 NC (i55)

NC (155) = job type of second additional output wanted.

2.2.19 COMMON/PLACEW/NPRW, NOPW, JOBNBR

2.2.19.1 NPRW

NPRW - the parameter setting number when performing a job of type 1.

2.2.19.2 NOPW

NOPW = the option setting number, when performing a job of type 5.

2.2.19.3 JOBNBR

JOBNBR = the job number in a series of stacked jobs.

2.2.20 COMMON/MONCOM/MONIN (3)

This common contains monocoque input.

2.2.21 COMMON/NEYCMB/HCIN (22)

This common contains honeycomb sandwich input.

2.2.22 COMMON/WAF45/W45IN (6)

This common contains waffle 45-degree input.

2.2.23 COMMON/WAFg0/w90IN (6)

This common contains waffle 90-degree input.

2.2.24 COMMON/ARLENE/CIIN (6)

This common contains no-face corragation input.

2.2.25 COMMON/SFCOR/C21N (7)

This common contains single-face corrugation input.
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2.2.26 COMMON/SMONIN/SMIN (16)

This common contains semi-monocoque input.

2.2.27 COMMONANTINP/ISIN (5)

This common contains integral ring and stringer stiffened input.

2.2.28 COMMON/OUTPTS/BIGWT (50, 5,6), WEIGHT, SWPRAM (50, 6)

2.2.29 EQUIVALENCE (BIGWT, SWPRAM)

2.2.29.1 WEIGHT

WEIGHT = weight of the structural section presently being optimized.

2.2.29.2 BIGWT (I,J,K)

BIG\_F (I,J,Ix')= the weight of a single structural unit stored in an array for compara-

tive weight matrix output, where:

a. I = the sequence for the structural section in this job. For example,

I = 5 implies the fifthsection.

b. J - the index of the subprogram used for this weight.

c. K = the index of the material used for this weight.

2.2.29.3 SWPRAM (I, J)

SWPRAM (I, J) = the weight of a single structural unit stored in an array for matrices

of job type 1 or job type 5, where:

a. I = the sequence of this section in the series of sections considered for

this job. For example, I = 5 means that this is the fifth section for

this job.

b. J = the index indicating the option setting (job type 5) or the parameter

setting (job type 1) used for this weight.

2.2.30 COMMON/SUBTOT/LIMSUB (10, 6)

This common block contains subtotaling information for outputting subtotal matrices.
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2.2.30.1 LIMSUB (I_ 1)

LIMSUB (i, 1) = discontinuity at which subtotal I starts.

2.2.30.2 LIMSUB (I, 2)

LIMSUB (I, 2) = discontinuity at which subtotal I ends.

2.2.30.3 LIMSUB (I_ 3)

LIMSUB (I, 3) signal on whether to include bottom head at starting discontinuity into

the subtotal weight I. LIMSUB (I, 3) 1 _ include in subtotal. LIMSUB (I, 3) = 0 _ do

not include in subtotal.

2.2.30.4 LIMSUB (174)

LIMSUB (I, 4) = sig_ml on whether to include top head at starting discontinuity in sub-

total I.

2.2.3O. 5 LIMSUB (I, 5)

LIMSUB (I, 5) = signal on whether to include bottom head at ending discontinuity in

subtotal I.

2.2.30.6 LIMSUB (I, 6)

LIMSUB (I, 6) = signal on whether to include top head at ending discontinuity in sub-

total I.

2.2.31 COMMON/NAMES/NAMMAT (12,2), NAMSP (10,2) NAMSTN (20,3,2)

NAMSTG (10,12)

2.2.31.1 NAMMAT (I, 1) to NAMMAT (I, 2)

NAMMAT (I, 1) to NAMMAT (I, 2) = two variables that contain a 12-character alphanu-

meric name for material I. This name is used for labeling output.

2.2.31.2 NAMSP (J, 1) to NAMSP (J, 2)

NAMSP (J, 1) to NAMSP (J, 2) = two variables that contain the 12-character name of

subprogram J.
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2.2.31.3 NAMSTN (K, L, i) to NAMSTN (K,L, 2)

NAMSTN (K, L, i) to NAMSTN (K, L, 2) = two variables that contain a 12-character

name for the structural section of type L at discontinuity K.

2.2.31.4 NAMSTG (I, 1) to NAMST (I, 12)

NAMSTG (I, 1) to NAMST (I, 12) = a 72-character description of subtotal I.

labeling output.

Used in

2.2.32 COMMON/NAMPO/NAMOPN (6, 2), NAMPRM (6, 2)

2.2.32.1 NAMOPN (I,1) to NAMOPN (I,2)

NAMOPN (I,1) to NAMOPN (I,2) = a 12-character name used in labeling output for

option setting I in jobs of type 5.

2.2.32.2 NAMPRM (I,1) to NAMPRM (6,2)

NAMPRM ('I,1) to NAMPRM (6,2) = a 12-character name used in labeling output for

STRESS parameter setting I in jobs of type i.

2.3 TAPE ASSIGNMENTS

The program requires the following tape configurations.

2.3. i JOBS INCLUDING STRESS SUBPROGRAM

These jobs require an input tape from the LASS1 program on FORTRAN Logical Unit

NTAPE1, a scratch tape on NTAPE2, a scratch tape on NTAPE3, and a restart save

tape on NTAPE4.

2.3.2 JOBS RUN FROM THE STRESS RESTART TAPE

These jobs require only that the restart tape be mounted on FORTRAN Logical Unit

NTAPE4.

The system input tape is designated as NTAPE5, and the system output tape is desig-

nated at NTAPE6.

The designations NTAPE1 through NTAPE6 are variable units the actual values of

which for each location are compiled into the block data routine of stored data.

2-17



StandardIBM installations for boththe IBM 7094andIBM 7044acceptthefollowing ,
valuesfor the variable FORTRANLogical Unit assignments:

a. NTAPE1 = 1
b. NTAPE2 = 2

c. NTAPE3 = 3
d. NTAPE4 = 4

e. NTAPE5 = 5
f. NTAPE6 = 6.

Thus astatementof the form WRITE (NTAPE6, 100)A, B, C is equivalentto the
statementWRITE (6,100)A, B, C whenNTAPE6hasbeenset equal to 6 by the block
data routine.

Thephysical unit to FORTRANLogical Unit assignmentsare handledby control cards
particular to eachinstallation.

2.4 TIMING CONSIDERATIONS

Timing varies from computer to computer. However, approximate running time esti-

mates may be obtained for a given computer by multiplying running times on one com-

puter by an appropriate conversion factor.

The SWOP program was developed and checked out on the IBM 7094.

ence indicates the following estimated running times for IBM 7094's:

a.

b.

C.

d.

Checkout experi-

Compilation: approximately 20 minutes.

Loading: 1.5 minutes.

STRESS Program: 2 minutes per case for a Saturn V type vehicle of 14 dis-

continuities and 4-inch station intervals.

Construction subprograms: an average time of 0.4 minutes per construc-

tion for one complete 14 discontinuity Saturn V type vehicle. For example,

a comparative weight matrix of five constructions would take an average of

2.0 minutes to compute. The times for each construction vary because of

the varying complexities of the several optimization procedures.

An interval timer feature to time each stacked job in seconds is available for the

IBM 7094 computer, and provision is made for any other type facility to also add this

capability.
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2.5 ERROR RETURNS

The executive control program prints out several diagnostic messages on errors it

detects in the input. These are in addition to the error diagnostic procedures per-

formed by each construction subprogram, which are described in the sections appro-

priate to them.

2.5.1 MAIN CONTROL PROGRAM

The main control program XQTIVE checks that control cards are in propor sequence.

An out-of-sequence card, or a card that is unrecognizable or incorrect will cause the

program.to print an error message and stop. The ID word (columns 1 to 6) of the in-

correct card is printed out.

2.5.2 INPUT PROCESSING ROUTINE

The input processing routine CASEIN checks for unrecognizable cards and calls exit

if one is encountered.

2.5.3 INTERPOLATE ROUTINE

The routine INTERP which interpolates on temperature dependent material properties

prints a diagnostic message if the input temperature from the restart tape is outside

the range of the table of material properties. It does not stop the program, however,

but returns the material properties for the closest boundary value.

2.5.4 MATRIX OUTPUT ROUTINE

The matrix output routine MATRIX checks for input signals that ask for conflicting

t_es of output, such as asking for more than one matrix from a job of type 5. It

prints a diagnostic message and bypasses printout of the impossible output.

2.5.5 LOOP ROUTINE

The routine LOOP is constructed in such a way that incorrectly input subprogram

material loops are omitted from the table. This routine also prints out diagnostic

messages if the run, phase, or structural sections it has been instructed to perform

computations for are not on the restart tape. If some of the sections are on the re-

start tape, it will call for computations on these sections and then go on to the next

job. If none of the required sections or runs are on the restart tape, exit is called

for and executed.

2-19



6

FLOW CHARTS

FORTRAN STRUCTURAL WEIGHT OPTIMIZATION PROGRAM

2-20



a

DIMENSIONED VARIABLES

SYMBOL STORAG(S SYMBOL STORAGES SYMBOL ST(3_A G(S SYMBOL STORA G.(S SYMBOL STORAGES

SWPR AM $0,6 IDATA 12S NC 2'00 WORDS 10

Figure 2-2. SWOP Flow Chart - XQTIVE (Sheet 1 of 5)
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Figure 2-2. sWOP Flow Chart - KQTIVE (Sheet 2 o[ 5)
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Figure 2-2. SWOP Flow Chart - XQTIVE (Sheet 3 of 5)
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READ (NTAPE5 e66} (NAMPRN(IPRNII) e|=| j2)

IPRN=| _1'_1 I • • • INOPRN

IPRM.GT . NOPRH

RANSFER TO SUBROUTINE\_ RANSFER TO SUBROUTIN_
CASEIN _ L% LOOP
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WR 1TE (NTAPE6 9899) JOBNBR TIME

WRITE(NTAFE6_99OJ)CARDX_

Figure 2-2. SWOP Flow Chart - XQTIVE (Sheet 5 of 5)
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Figure 2-3. SWOP Flow Chart - INCASE (Sheet 1 of 4)
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Figure 2-3. SWOP Flow Chart - INCASE (Sheet 2 of 4)
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Figure 2-3. SWOPFlow Chart - INCASE(Sheet4 of 4)
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Figure 2-4. SWOP Flow Chart - MTRX (Sheet 2 of 11)
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_GO TO 1411

_ NC(1S1) .NE.1 FC_R

Figure 2-4. SWOP Flow Chart - MTRX (Sheet 3 of 11)
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4

TOTN=O .0

_-_t4RITE(NTAF[6,1SO|) [NAMSP(ITSPRO,I) ,|=$ ,2) , (NAMMAT(|TMAT,I] jI=1,2) _ GO TO 1002 ]

I I I

Figure 2-4. SWOP Flow Chart - MTRX (Sheet 4 of 11)
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6

fOR _4kll N=81GWT (IC, I , IN)

pl _1 p . . . i [CC_NT |S P=| pl÷J p • • • i I SPTOT

TOTN=TOTH+WNI N

IS=_D(ICf1) _WR_T[(NTAFE6_2344)_SpET_(_AH_TN(_'ZT_Z_1_1'29_B_G_#T_ECpZ'Zt4_1=_'5)tWt4ZN _IT=_D(IC_2_

_I'rEINTAP_-6_:P3551 (TO'rSII_ _|z1_5__
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F_ F_ TOTS(T) =0.0 --

lgP=1,1.1 , ° . . _ l SPTOT I=1 ,I÷1 ,... ,6
I

I

IC=I ,I*I,...,IC_N 7 l _IN=BIGWT(Ic'ISp'I) IM=I ,|*I,...,MATTOT

I---- t TOTS(IM)=TOTS(IH)*BIGWT(IC,ISP,IM) _IN:BIGWT(IC,ISP_IM)

¢

.LT._IN.A_.BIGWT(IC,ISP_IM}.NE.O.O IM)

YES

C_TINUE _I_ (NTAFE6 j3355) (TOTS (If i I =| D 61 _ TOTN

F_ I$=ID(IC'I) _ITElNTAFE6f4222) IT_ISplNANSTNllSwlT,IIwI=Ij21

IC=I ,I.I p ... , ICON IT=ID (IC*2)

Figxtre 2-4. SWOP Flow Chart - MTRX (Sheet 6 of 11)
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- _R I TE (NTA_E6,4233) ( (TEMNAN (I , J) i J=| ,2) , I=| , 6)

|SP=l pl+l i. • - iIS PTOT

I '

REPEAT TO 4360

J=l ,1+1 t • • • ,NATTOT

_ I_'/HIN=BIGWT(IC,I, J)

_IN.LT.BIG_T(ICjI,J).AND._IN.NE.O._ MINI=|
MINJ=J

___ WRITE(NTAFE6,4377) (NAMTEM(MINI jl) , I=IMI2N]j,)(TEMNAM(MINJ , J) , J=1,2} ,BIGWT(IC,MINI ,

i& ......
FOR --_ WRITE (NTAFE6,502!) I , (LIMSUB (I _ J) , J=l _6) , (NAMSTG (I p J] , J=l ,12)

ZI=' ,l+l ..... N TSUB/_ L

...........................

Figure 2-,t. SWOP I,'low Chart - MTRX (Sheet 7 el; 11)
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IF TH[ VALUE TRANSf[R

04 r NTYP TO YES

I$ STATEMENT REFEAT TO 5500 REFEAT TO 5101

' BSO0 FOR FOR

5100 IN:Itl+l .tNATTOT J:l,l+l,...,

$ 5100

5100
8000

TOT$(I)=O.O

TOTM=O.O _ITE(NTAPEEpS2ZZ)(TEMNAN{IM,I),I=JI2)

_ REFEAT TO 5350 B_

I"_ITE(NTAPE6'2Z33)((NAMTEM(ItJ)IJ=I'Z)'I=I*5) IC=$_I+I,...,NTsuFOR WMIN:SUBWT(IC,IeIN} _1_

r
_ REPEAT TO 5310 _ +SUBWT(ICpISP,IM) J , ]1ANO

FOR TOTS(ISF):TOTS(ISF) _WMIN'EQ'O'O_wMIN:SUBWT(IC,ISP,IN)

ISP=I,I+I,...,ISPTOT

L--_SUBWT(IC,IS_,IMI.LT.WMIN.AND.SUBWT(IC,ISP,IM).NE.D.O _F._I_MIN:SUBWT(IC,ISP,IM )

Figure 2-4. SWOP Flow Chart - MTRX (Sheet 8 of 11)
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_ _._ IT_ (NTAmEA ;A2_2) (N^MTEM (! SP ,I) _I=I ,P ) _R ITE (NTAFE6_ 3233) ((TEHNAM (I ,J) ,J=I ,2} ,I=I ,6} --_

L @SU0_VT IC, I SP, I_ LT ._r_ N AND SUOWT (IC, ISF",IM)._ .NE.O.O)_ _'fF5 _IN=_U_VT (ICo , , )]_ISP IM) CO_T INUE _" "....

GO TO

--- YES ....

i i

U':_J'_?_; ,

Figure 2-.1. SWt)P I,'[ow Chart - MTRX (Sheet 9 of 11)
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L

-)_ _|TE (NTAF:E6,7222) IC, (NAMSTG(|(,I) ,|=1,12)

REf:EA 735D

ISP=I ,l+J , ... , ISFTOT

REPEAT TO 7370

_L (NTA_E6,4355) (NAMTEM(ISP,I) ,I:! ,2), (SUBWTCIC,ISF,I) ,I=I ,6)
I=| ,14-I , ... ,ISPTOT

___ REPEAT TO 7360 "_ _- _ _JMIN:SUBWT(IC,I,J)

FOR TOTS(I)=O.O

I:1,1+1,...,6 TOTM:O.D

r @L_I,eRITE(NTAFE6,_O3DllNAMSFIlTSFRO,Ile|=I,2),INAMMAT(ITMATtlItI=It2)

Figure 2-4. SWOP Flow Chart - MTRX (Sheet 10 of 11)
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I k_RI TE (NTAPE6,3233) ((TF'MNAM((i.I) ,J=| ,2) ,I:| ,6) FOR $_4IN=SUBPRN(IC, |)

=l ,1÷1 , . . . ,NISUB

SUBPRM ( I C , I OPT ) . L T. _ IN. AND. SUBPRM ( I C WM I N= SUBFRM ( I C, I O

)IC,(SUBFRM(IC I) I I_

_ _4RITE (NTAPE6,3355)(TOTS (1)j 1:I ,6),IOTM _ GO TO 9999 ]

r
I ,I÷I , • . . ,6 TOTM=O.D

----_WRITE(NTAPE6,B530) (NAMSF(ITSPRO, I) , I:l ,2) , (NAHMAT(ITMAT,I) ,I:l ,2) _ GO TO 004(] I

$

WR iT_(N TA_E6_9-UOI ,NC (2), (NC (I,, ,:150 ,I 55) WRI TE (NTAFE6,9998,

Figure 2-4. SWOP Flow Chart - MTRX (Sheet 11 of 11)
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D | N ( N S | ON (O VARIABLES

SYMBOL. STORAGES SYMBOl- STORAGES SYMBOL.

SUBPRN 10, G

STORAG(S SYMBOL STORAG(S

Figure 2-5. SWOP Flow Chart - CRNCH (Sheet 1 of 3)
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CRNCM

____ ___/J:t,t*l ..... 5 /K:t,I*I .... ,6 / / I=1,1*1,...,!0/ [ I SUBT=NC (t 45)

_ _ FOR IBOT=LIMSUB( I SUB,I) FOR

/IS_,B:J,I*I,...,ISUBT / I ITC_P:LIMSUB(ISUB,2) I IE:IpI*I,...,ICOUNT / _

_[ ID(I¢,I).LT.IBOT.OR,ID(I(,I).GT.ITOP L_ IS:ID(IC'I) IS.EQ.ITOP-AND_YESIT-EQ-!

......... ___ ............ o
I_I S.EQ. IDOT.ANO . I T.EQ.2.AND.L IMSUB ( I SUB,3)................. .EQ. _}i_L_ _ I S.EQ. I80T .AND. I T.EQ. 3. AND .L IMSUB ( I SUB ,4)____-E¢1-0 1

GO TO

90O

IS,EQ.I TC_.ANO. IT.EQ.2.AND.LIMSUB(ISUB,5) .EQ.C) _Q.ITOF.AND. IT.EQ.3.AND.LIMSUB(ISUBj6) .E(_.O J_

-

IF THE VALUE TRANSFER

OF ITYPE TO

IS STATEMENT

I TYPE:NC (2) | 100

2 200

3 200

4 200

5 100

FOR SUB FRM ( I SUB, I ) : SUBFRM ( I SUB, I ) + SWPR AN ( I C , I )

I:l ,1+! j • . . p6

2-42
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Figure 2-5. SWOPFlowChart - CRNCH(Sheet3 of 3)
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STORAGES

50_e

D I N [ N S ! O N E D V A R | A B L £ $

SYMBOt. STORAGES SYHBO4. STORAGES SYMBOl.

CN 200 LIHIT 10_15

STORAGES SYHBOt. STORAGES

Figure 2-6. SWOP Flow Chart - LOOPP (Sheet 1 of 7)
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LOOPP

[ COUNT=O

"t R[AD (N TA_E4) LRUN, LPHASIE INTANK$,DH,GIT ME[, KHYDRO'GZ' (HF(1),KMEP4BR'I=1,10) , (HD (|) ,|=! j|O) t STIt_E ,ET ° •

WRIT[ (NTAPE6 j 130) FC_ _J;_ITE (NTAFE6, | I1 ) I IHP(I) _HOll)

I=1 ,|÷$ j . • • _NTANK

WRITE (NTAFEE jJO5) STTM[ elETZ_

6_ ! TE (NTAPE6,881 NC (160 } =1

Figure 2-6. SWOP Flow Chart - LOOPP (Sheet 2 of 7)
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t

IREAO(NTAPE4)NTB,NTYI|MET,A,_sC,NAIL,ITAN,VSUB NSKIP.[Q.-|

9SO
GO TO

950

k__;_.:._o _ _ _,_._o._,_,._O._T_._,.o_ _'_.o'-_' _ _"._.' _,o,,,.:,_..,,TB _

UPD (I , 3) =UPD ( | t 3) _CN (10) UFD (] _||) =UFD (]II|) #CN(|O) UFD(]

UPD (] j 5) =UPD ( ] ,5) *CN {1O) UFD ( i j 12) =UFD (I , t2) _xCN (I0)

PO(I sT) =UFD {] , 7) _CN(IO)

NALO4-D =NA | L

,13):UPD(I ,13)*CN(IO) 1D(ICOUNT,I)=NAIL

ID ( ICOUNT ,2) =NTY+Z
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1 T= ] O ( I COUNT, Z) kfR ; TE (NTAFE6,1003)

I"_ITE(NTAPE6,1ODI)IT'IS,(NAMSTN(IS,IT,I),I=|J2) __;_t'./R|TE(NTAPE6,1OOZ) I-_NSPT=NSUS(|) _--_,

REPEAT TO 800_o, )-4ISP=1,1_1 , . . . ,NSPT

ITSP:NSUS(ISP÷I) _--_ NSP(ITSF,I) .E.? _,

LENSK=UPD(NTB,I)-UPD(I,I)

REQBAR=(ABS(UPD(I,4))_SQRT(LENSK_2÷(ABS(UFD(I_4))-ABS(UFD(NTB,4)))_2))/LENSK

LEN=LENSKt(ABS(UFD(NTBf4))+|.2¢ABS(UFD(|,4)))/(2.2_ABS(UFD(|j4))}

!
6

8

9

10

CONPUTED GO TO

IF TH_ VALUE TRANSFER

OF ITSP TO

IS STATEMENT

1 71

Z 7Z

3 73

4 T4

5 75

76

T7

78

T9

80

_ DIAM=2JWREQBAR _,

[S_ET:SXT'O__ IS_EET:HC'N''''_

SHEET=WXJO|N (5)
j SHEET=E21N(,)

Figure 2-6. SWOP Flow Chart - LOOPP (Sheet 4 of 7)
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NSHEET:SLANT/SHEET SIZE=LENSK/FS_EET

L NSHEET=NSHEET+ |

• " ' " NSHEET=NSHH IT . .2 NSHEET=NSHH I_ • .3 NSHEET=|

S SHEET=NSHEET

SIZE=ABS(UPD(NTB,|)-UFD(|,I))/SHEET

YES

REPEAT TO 14D "__•-- FOR BS (UPD

l_ , / J=NSTART .NSTART+, ..... NT V _ L

NEND= J J-I

L IM] T (NCOUNT , 2) =NEND

NSTAR T=NEND

NEOUN T=NEOUNT+ J

_r LSTART=LIMIT(I_I)
LEND=LINIT(I,2)

XMAXNX=UPD{LSTARTsT)

L INX=LSTART

I 120 ]

LINIT(NCOUNTI|)=NSTART

LIMIT (NCOUNT ,2) =NTB FOR
I=| ,1_J , . . . ,NSHEET

_ REPEAT TO ,gO _

FOR

J:LSrARTpLSTART+I , • • ,LEND
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XNX. _E • UPO ( J , ?)

REPEAT TO 200rO_

J;LSTART , LSTART_I , . . .

XHAXNX=UPO(JI?)

INX=J ____ CONTINUE

LINIT(|,3):INX

XNAXVH=UPD (L START _ S)

ITS .NE .3. AND. I T_

I_ REPEAT TO 21DXNAXGD=UPD (LSTART 113) FOR

, :LSTA , t /J:.ST,RT,'STA T.,..... ,

YES

XHAxGD,LE.UPD (Jill)

._, TRANSFERTOSOBRO_,'_

CC_PUTED GO TO

IF THE VALUE TRANSPER

, \, R_E,TTO'O°\ I
----_ NHT=NSP (I TSP ,2) JNAT=1,1 _'1 , . . . ,NN _l GHT:O.O

OF |TSP TO

IS STATEMENT

! 510

2 520

530

4 S40

5 550

6 S60

T STO

8 $8O

9 $90

10 600

Figure 2-6. SWOP Flow Chart - LOOPP (Sheet 6 of 7)
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N

I 520 I

TINE
N

'F M-

_GO TO 1000 ]  foo ,o,0oo]

C_PUTED GO TO

IF THE VALUE TRANSFER

OF ITYPE TO

IS STATEMENT

1 410

2 420

3 4

I SVIPRAM ( I COUNT ,NOPW) :V_ I GHT __

Figure 2-6. SWOP Flow Chart - LOOPP (Sheet 7 of 7)
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SYMBOL

D | N I[ N S | ON £ D VARIABLES

STORAGES SYMBOL STORAGES SYMBOL STORAGES SYMBOL STOI_A ¢,E S

Figure 2-7. SWOP Flow Chart - DIVSN (Sheet 1 of 2)
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O|VSN

___ ]$=]O(ICOUNT,|) _WR[TE(NTAPE6,/O06)

IT:IO(]CC_JNT,2)

---_RITE(NTAPE6IIOD?IINAMSPIlTSPpI)II:II2If|SjlT,INANSTNIlSIITp|],|:ltZ) TEINTAFE6'|O08.

LEND=LIMIT(I,2)INVH:LIMIT(I,4)IMB=LIHIT(I,_)_)] IGD:LIMIT(|.5) J_

__I_ITE{NTAP(6,1012) IpISTART,LEND,UFD(ISTART,1),UPO(LEND,I),UPD(ISTART,4),U__

_,4),UPO(IMB,?)_UPD(IHB,8),UFD(INVM,S),UFO(I_,13)

Figure 2-7. SWOP Flow Chart - DIVSN (Sheet 2 of 2)
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D I MENS I ONED VAR | ABLE$

SYNB_ ST_ACES SYMB_ ST_A_S SYNB_ ST_A_S $YNBOL STORA r,_s

Figure 2-8. SWOP Flow Chart - INTRP (Sheet 1 of 2)
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|NTRP

,
_ REPEAT TO 10 __TENP.GT.RANG((|TEH) FOR

ITgN=2,2*J,...,|TENPT

I t

TEHP • G( • RANGE ( | TEN )

_|TE (NTAPE6 j25) TEMP,NAT

J /|P=, ,1.1 ..... '/ I

REC ( I p) = TPROF: (MAT, | P i | TEN)

REP( A;oRTO 70

_IP=|,I.I 51>---- _.....

SLCt:E=(TPROP(HAT,IP,ITEM)-TFROP(MAT,IP,|TEN-1))/(RANGE(ITEH)-RANGE(ITEH-|))

L_REC ( I P) = TPROP (MAT, I P, ITEM) - SLOPE_ (RANGE ( ITEM) -TEMP)

Figure 2-8. SWOP Flow Chart - INTRP (Sheet 2 of 2)
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FEA

÷$QRT((A**Z-B¢#Z)*YttZ_B#*4))

[A:Y*SQRT ((A**Z-Bt#2) tY¢#2÷B#*4) ÷ (Bxr_4 / $QRT (A¢#Z-B*t2)) ¢ALOG (Y*SQRT (A#*2-B_t*Z)

Figure 2-9. SWOP Flow Chart - FEA
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SECTION3

STRESSPROGRAM

3.1 PROGRAM DESCRIPTION

The STRESS program has been written completely in FORTRAN IV and is compatible

with the IBM 7090, IBM 7040, and GE 600 series computers• The program uses an

in-house input routine (READHP) which is written in both 7044 and 7094 MAP. This

special input routine will have to be rewritten for the GE 600 series computer.

The general purpose of the STRESS program is to resolve the components of force and

moment as applied to a beam-line structure into normal components of stress on a

tank-like structure. The STRESS program will consider applied forces which are act-

ing both e_ernally (wind forces} and internally (gravity, gas pressures, and liquid

pressures)• All forces and moments are resolved pointwise in the planes of the struc-

ture's surfaces into normal stress components with one component of stress resultant

(No} perpendicular to the structures axis of revolution• This analysis is done time-

wise with only the greatest stresses retained for each of the following criteria:

a. The values of N x and N O are retained which give the expression of

V/ 2 + N02 _ NxNo the greatest algebraic value.N x

b° The values of N x and N O are retained for the most negative values of Nx.

• + N Oc The values of N x and N o are retained, which give the expression N x

the most negative algebraic value.

Along with the above values of N x, N 0, and structural criteria, which are retained,

the time of flight, temperature, and cause (hydrostatic or inflight) are retained for

each of the above appropriate criteria for future analysis.

The types of structures, which the program is now capable of considering, are struc-

tures composed of combinations of cylinders, frustums of cones, cones, sections of

spheres, and sections of ellipses of revolution, all having a common axis of revolution.

The program is entirely in single precision and the English unit system is used

throughout the program.
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3.2 PROGRAM ORGANIZATION

The program was written in a highly modular form in order to ease debugging prob-

lems, reduce costs, simplify the modification of the program, and simplify the under-

standing of the program. A large common package is used for the communication link

between the program's subroutines. The following flow charts describe the program's

basic, general, and detailed organization.

Output
Processor

Stress
Control

<3
I Structural

Calculations

Input
Processor

Figure 3-1. Basic Flow Chart

3.2.1 SUBROUTINES USED IN STRESS

3.2.1.1 Control Sections

a. STRESS - Controls starting, processing of input, and general logic

flow of the program.

b. SFORCE - Control routine for membrane calculations.

3.2.1.2 Calculation Routines

a. ANGLE - Finds cone angles in radians.

b. DISTB - Performs membrane calculations at desired intervals on the

skin of the vehicle. This routine also does hy_trostatic test check when

desired.

c. HYDRO - Finds hydrostatic test conditions.

d. HEADS - Performs membrane calculations at desi:ed interval on all

desired heads.

e. LEVELS - Finds liquid levels and cone angles at liquid levels for all

desired tanks.

f. NSERCH - Performs a binary search of LASS 1 input for desired values.
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T LOC

GLINT _NSERCtIDIsTB

PRINT

_ UPDATE

STRESS

Control -

Part I

STRESS

Control -

Part 2

SFORCE

PROCES

VOLUME

LEVELS d

ATITLE

UNPAC

ANGLE

Output

TLOC

NSERCH

HEADS

PRINT

UPDATE

H ANGLE

Figure 3-2. General Flow Chart

NTAPE6

3-3



FORTRANFLOWCHARTSOF THE STRESSPROGRAM
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SYMBOl

SAVE

DIMENSIONED VARIABLES

SY HBOL STOEAGES SYMBOl STORAGES SYMBOL STORAGES

NSA VIE 40 FE ST | O L FHA SE | 0

SYMBOL STORAGES

Figure 3-3. Flow Chart of Stress Program (Sheet 1 oi 9)
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STRESS LIST,REF

roe
,:! :*! ..... so/ "1

/ I LPHASE(I):O _ G0:386.088

P1:3.14159265
NTAFE=NTAPE2

IFUEL=O KTAPE:NTAPE3
GG=I.0

REPEAT TO 269 PEST (KA) :0.0 Jl"--"-__"_

-- F'(_I_ KKK=KKK+I . .

KA=| ,1+1 , . . . ,1 T_S;O .0

DT=O .O

REPEAT TO 300

r-r--I

NDATE=| _ //_ _,_$ $_/RITE(NTAFE6,118) . ._

KOOT:KC_JNT NFRINT=NPR

LFHASE (KC_JNT) =LPHASE (KOUNT) ÷1

/ [ NSAVE (14) =]$T

NSAVE(15):LST_-'_ r-a3T03=OI

I FUEL=NSAV F (13)

Figure 3-3. Flow Chart of Stress Program (Sheet 2 of 9)
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LST=NSAVIE (| 5) ] _ AT_TLE _1 iI

READ (NTAPEI)(XSTAS(J,I),J-| ,7_) H CONT|NUIE H " "

!

I_ %TE (NTAFE6, $51 } KOOTLFHAS [r (KOOT) =LFHASE (KOOT) -1

Figure 3-3. Flow Chart of Stress Program (Sheet 3 of 9)

3-7



4

CF:AAX]L/GO+I n _ LI=VEL$ _ BT|TLI=

I

J II /]=]STsIST+I,, ,LST

=1 p1+| p.. • ,NTANK

HI = (K) =PEST (K)

___'wI_ITE:(NTAPE4]LRUN,LFHASE(LRUN) ,NTANKSpDH,LGRAB31LGARB4_ (HI=(]) ,]=J _20] i (HD(|) j!

=1 ,10) ,STINE,ETIHE,KHYORO,KNEHBR

Figure 3-3. Flow Chart of Stress Program (Sheet 4 of 9)
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I R[AD (RTAF[) NT6 ,NTY, IN,A ,B ,C ,NAIL, I T, VSUB t.IRITE(NTAFE4)NTB,NTY,IN,A,B_C,NAIL,IT,VSL_B

_ R_..AD (KTAF£) ( (UF:O (K, L) ,L=|,, 7) ,K=|, NTB) _.

_-_ _ I TE (NTAFE6, 540) TOF ,LRUN,LFHASE (LRUN)

Figure 3-3. Flow Chart of Stress Program (Sheet 5 of 9)

3-9



q,

ATITLE LIST_REF

{___ _ _ REFEAT TO |0

I TE (NTAFE6,101) FOR
J=| ,1+1 , . . . ,NSTAGE

REPEAT TO 2(] _ _LIRANSFER TO SUBROUTIN._

FOR LEFT: TANK (K ,1 ) + .(]O1 UNFAC

K=1 , 1 +9 , . • . , NTANKS EFT ,4, Nt , t,b?., KUEL, N4, N

_ _./RITE (NTAFE6,104) K_TANK (K,18} ,TANK (K,16) _TANK (K jl 7) ,TANK (Kp15) pTANK (K,14) ,TANK
(K,13) ,KUEL

REFEATTO30
WRITE (NTAFE6,1(]6) _//I=l ,l',l FOR,... ,IFUE WRITE (NTAFE6,107) I , (FUEL (I , J) ,J:1,4) J_')
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Figure 3-3. Flow Chart of Stress Program (Sheet 6 of 9)



_ITE(NTAFE6,1|4)

Figure 3-3. Flow Chart of Stress Program (Sheet 7 of 9)
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BTITLE LISTpREF

[__ j_ REPEAT TO 10
I,IIR|TE(NTAFE'E,IOO)TOF,AAXIL,C,F" I=1,1+1 :OR.. ,NTANKS NXX=TAN_

___):TRANSFER TO $UBROUT I RANSF'ER TO $UBROUTI N_NEZ'_ GLINT

(! ,1)+.001

UNPAC

_NXX, 4, N,, N2, J J, N4 ,NS)

_XNAHE, TOF, XFRES, J J, | X) _ 1

__ITE(NTAPE6,1Ol)!
,TANK (I ,17) ,TANK(! ,16) , XPRES

Figure 3-3." Flow Chart of Stress Program (Sheet 8 of 9)

3-12



ANCL( LIST,R(F

ANGLI[=S. 570 _9632 I ANIGLF:ATAN (B:_S_RT {Y_ (2.0_e- Y ) ) / (A¢ (8; y ) ) )

Figure 3-3• Flow Chart of Stress Program (Sheet 9 of 9)
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SYMBOL $TORA C,ES SY HBOL

BCD 2 H

DIMENSIONED VARIABLES

STCRAGES SYMBOL STORAGES SYMBOL

100

STORAGES SYMBOL STORAGES

3-14

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, ItYDRO,

LEVELS, NSERCH, and PRINT (Sheet 1 of 13)



¢,LINT3 LIST,REF

YES

,I

IDF=IST+J ] I

IDFN=IDF+NTIHE=NTABLE _ _ (IFF} . GT. XIN

IFF=IST+NTINE I I 'L

SLOFE= (Q (I DFN) -Q (IDFN-1 } ] / (Q (IDF] -_ (IDF-I) )

XOUT=Q (IDFN-!) +SLC_E¢ (XIN--Q (IDF-!) )

--_ _,_RI TE (NTAFE6.JDZ)BCD (IFRIN) ,Q (IX) ,BCD (IFEIN} _ ICONT.EQ. 5 t._RITE (NTAFE6.|01)

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,

LEVELS, NSERCH, and PRINT (Sheet 2 of 13)
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t

t

DISTB LEST,REF

TERM2=O 0 KTEST=O . T. .0 GO TO 3

I I

_ $3: (STAGE (KL ,2) -STAGE (KLL, 2) ) / (STAGE (KL, ] ) -STAGE (KLL ,i ) ) i_ CO'SCON:COS (IT)

F-;-l

J KTEST=I
GAMI:FUEL (IF,2)

P! =FUEl (IF, 5)

IN:IN-|

KL=KIL+t SIN CON:SIN(IT)

TTzATAN(S3)+TT R=STAGE(KI'2)

_KTEST.EQ.I _R:STAGE(KLL,2I+S3*(HLIQ-STAGEIKLL,I)) TC_T:THT(ITI÷TAN_(IT,|g)

_S2=(XSTAS(MK_,3)_XSTAS(IN,3))/(XSTAS(MC_,I)_XSTAS(IN,I)) MCE:IN÷I XSTAS (MOR ,I ) -B

SI=(XSTAS(MC_,2)-XSTAS(IN,Z))/(XSTAS(M_,I)-XSTAS(IN,I))

K T ES T. GT . 0 ____TR A NS FE_ GTL_ NSTUB_OUT I NE______GO TO---- _

' _NAME,B,FSK (K,15) ,1 ,NTA_
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_ _ GANI=O.O

GAMI . EQ .0.0 FSK [K ,1 S) :FUEL (IF, 3) T£RNt =0.0

O: HL I _-B TERM2:O .0

R=STAGE (KL,2)

TERM1 =GF/E.O_GAM! /COSCON* (2.0_4_¢¢3-3 .D:_R¢R_RO÷RD_¢3) _ I /

TER_2=GF/Z,O=GAMI/SINCON_D_(R.'_R-RD_RD) _ TER H3: FI/2. O_RD/$ I NCON

L TE_M4=FSF.' 12.0*FI *SINCON} FSK (K ,Z} =TERM4+ TE_M5 FNK (K _ lO) =TOF

FS 3) :_D/SINCON.(GF_AM1.D+F1} _ FSK (K,6)=TOF _.... COMFT/=FSK (K, 3 ) +FSK (K, 7)"
TERMS:ABS {FSM/ (_I *SI N(ZON) ) I_D*_-_. FS_ (K , 71 : TERM4- TE_M5 FSKM=FSK (K j21 _%_+FSK (K t31 _¢2-FSK (K j31 _FSK (1,21

I_ TERM4 : TERM3 * (TERM2- T[RMI - TERM4 )/RD FS_ (K, 8 ) =FSK (K _31 FSKMI =FSK (K j 71 *_-2+F'SK (K t3 ) *_-_'SK (K, 5 ) _FSK (K, T)

D=TOFT-B 1
FO_I = -tAM/ (6. O _COSCON) _, (2 .D¢STAG£ (KL ,2 ) _#_-3 .D¢STAGE (KL ,2)¢_ ¢RD+RD<'¢3 ) IRD+GAN

/(?.O_'SINCON_D)_'D_'(STAGE(KL,_)#-:_.2-RD_X'2}+FI;'.O<:RD/SINCON I

. FO_2:RDISI N_C_ ( GAM_D÷ P) I I

'I

COMFTZ=ABS (FOR! - FC_R2)

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,

LEVELS, NSERCH, and PRINT (Sheet 4 of 13)
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Kz]
FSK (K,11):FSK (K,7)

F'SK (K, 12) :FSK (K pS)

FSK (K, 13) :CC_4PT !

÷

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, ]:lEADS, tlYDRO,
LEVELS, NSERCH, and PRINT (Sheet 5 of 13)
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HEADS LIST,REF

x II TH v.LuETR.NS E G X: G4r OF KTEST TO

A STCX=:O .O KHYDRO. EQ .O HLIQ:THT (I T)

HLIQ:TANK (IT,| 7) STAsENENT
1

2 IO

3 IO

B=TANK (IT,B) GGAM:GX_GAM KAGE (NAIL) .NE.24 _l_
PHI =ANGLE (A ,B , TANK (I T, 2) ) ,1FH=TA_ ( I T ,20)

I A=TANK ( I T,_-_9 )

OIST=STACAE (NAIL-% ,1 ) +TANK (IT,2)-STAGEINAIL,%) _l _ B:TANK (IT,lO)ASTC4==ANGLE (A, B, DI ST } PH I :ANGLE (A, B, TANK (I T, 4 ) )

I HTOF=TANK (IT,2) +TAN_ (IT,3)+TANK (IT,19)

YL:THT (I T) -HLIO _ . .

IT2:IT+!

HLIQ2:TANK(IT2,17)

FH:TANK(IT2,20)

GGAM:HO(IT2)_GF

GX=GAM_Gx

KHYDRO. EO .0

NNN=TANK (I T,1 ) + .001

i TM

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS. HYDRO,

LEVELS, NSERCH. and PRINT (Sheet 6 of 13)
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1

ARI:! .O/SQRT(A2¢SIN(FHI)¢_2.B2*COS (PHI)*¢2) |

R=A2*ARI

RS:A2_B2*ARI**3

FB2:FB*R/2.D

CONFUTED GO TO

IF THE VALUE TRANSFER

OF KTEST TO

IS STATEMENT

! 80

J 2 903 90

yD=TANK <ITI4] _yL_YTT . • . GX=O .0

FSK (K ,! 5) :FUEL (IF, 3) FSK (K ,! 5) :FUEL (IF, 4)

BF:GX_ (YP-YL)

-yP) )

IFs_,_.,,l:_FS_(_.'').FUEL_''F.'''''.Ot--__ TO'_OI
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[8o]
VU=O.O

_S_(_,15)=FUEL(IF,4)

YT=TAN_(IT,2)-YTT

FSK{K,$)=_T+TAN_(ITIIg)

):FUEL(IFp3) _ GO TO 148 I

k_F_C_*_N(FH)/_*(2_/AB*(1_+(C_(FH)/(AB*_N(FH)))**2)##_3_/(SIN(PH)_AB_

)¢CC_(FH)-2oO/AB_{COS(FH)I(SIN(FH)_AB))_3)

BF:GGAM_AD

WFC=GGAM_R/2,O_(AD+_OC_SIN(FH)_¢2/SIN(FHI)_#_?-)

--)L ¢sK !v .2! _=E2+b/:c+ vu KTEST.EQ.3 BFr C-X# (YOCGAM+AD=_HD (I T2) )/GAM

FSK (K , 5 ) :S_RT (FSK (K ,21 *¢-Z +FSK (K , 31 _.2-FSK (K B2) _-_FsK (K ,31 )

K=K÷I

f

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,
LEVELS, NSERCH, and PRINT (Sheet 8 of 13)
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HYDRO L|STpR[F

(1,2) +TANK [1,3) eTANK (Z ,4) _ I UNPAC I_

'='"" ..... "'A'_V I _.:TA.=,|,,)..oo, i \_H.,.,_, ._=,|=,,.,HS/ I

THT'I]=TANK[I'3]+TANK[I'4)-TANK(|'11) J _XMAME,TCI:,P,Ir,ITAB/. I GAM=FUEL(IF,2)

_T_) _U_,_,__ _,)_
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LEVELS LI ST,REF

TBOT=TANK (J ,2)-TANK (J-| ,2) TAN (J w I 61 =TAM( (J jl6) +FUEL (IL m| )*DT/FUIEL (]L j21 _1 "l

A=-3.0dcTANK (J ,10)

TA M_ ( J , ] 7 ) = TBOT+ TANK ( J , 3 ) B=O. 0

YL=TANK (J ,4) I "_ C=3. O_-TANK (J, 10) _TANK (J ,|0) / (FI :_TANK (J ,9) :_TANK (J ,9) ) #TANK (J ,|6) 11
I 'IG: TANK. (J ,4)/2.0

YL=ROOT (G,O .O, 1 .O ,A ,B ,C) _)_ _-_
TANK (J ,I 7)=TBOT+ TANK (J ,3)+TANK (J ,4)-YL TANK (J ,20):ANGLE (TANK (J ,9) ,TAM<. (J ,I0) ,YL) ]--')_ TO"_'-_i IGOI

V V TANK(J 14) ]-----_
= + , ,

$=(TANK(J,6)-TAI_.(J,5))/TANK(J,3)

E=S_S

A=3.OCTANK(J,§)_S

, B=3.O#TANK(J,5)¢TANK(J,5)

I
TANK(J,17)=TBOT+ROOT(G,O.O,E,A,B,C)

TANK(J,2D)=ATAN(S)+F]/2.O

C:-3.OtV/P!

G:TANK(J,3)/2.0

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,
LEVELS, NSERCH, and PRINT (Sheet 10 of 13)
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V:V÷TANK (J,13)

J

½ TANF. (J ,| 7) =C).OTANK (J _20) =0.0

A:-3.0*TANK(J,8)

B=O.O

C=3.D_TANK (J,8)mTANK(J,_)_V/(P|@TANK (J,7)_TANK(j,7))

TANK(J,]7):ROOT(TANK(J,2)/2.0,O.011.0,A,BjC)

I
TANK(J,20):ANGLE(TANK(J,7),TANK(J,8),TAhlK(J_17)) _--_

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,

LEVELS, NSERCH, and PRINT (Sheet 11 of 15)
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NSERCH L| ST,RET"

LOC= KOUNT KOUNT=KOUNT/2

L_=LOC+KOUNT

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, HYDRO,

LEVELS, NSERCH, and PRINT (Sheet 12 of 13)
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Q

FRINT LIST_REF

COMPUTED GO TO

IF THE VALUE TRANSFER

OF NAIL3 TO

IS STATEMENT

1 4D

2 80

3 BO

4 16

NIF:NAILNIS=NAIL*I

V,'RITE (6,I04) NI F ,NI S _--->IK" LL; _Tr _ _4RI TE (NTAFE6,1DO) I:I ,I+iFaR,... ,NO(: "

RADI S:ABS (FSK (1 ,4) )

THIK=FSK (I ,S)

WRI TE <NTAFE6,%01) I , (FSK (I ,J) ,J=1,3) ,RADI S,THIR,FSK (I ,15)

IT _ _ _.ARITE(NTAFE&pI06) IT

_ WRITE (NTAFE6, I00) i=I ,I ÷:C_... ,NOC _ THIK=FSK (I,5)

_ _RI TE (NTAPE6,IDI ) I , (FSK (I ,J) ,.I:1 ,4) ITHIK,FsK (I tl 5) __

, @

Figure 3-4. Subroutine Flow Charts, GLINT3, DISTB, HEADS, tIYDRO,

LEVELS, NSERCH, and PRINT (Sheet 13 of 13)
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B

SYMBOL

CARD

STORAGES

10

D I N[NSI ONED VAR| ABL£S

STI4BOL STORAGES SYMBOL STORAGES SYMBOL STORAGES

DATA 41 ]DATA 41 NALYS S

S¥14BOL STORAreE$

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,

and TLOC (Sheet 1 of 8)
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FROCES L|ST,R[F

_ _RA.sFERTOS_O_T,M_ \ _EPCATTO5\ . _'

, , , , \ OATA,NO.,XC..O) /,:,,,., .....,O/ ' "t_+
I_ Tol

L t,_ITE(NTAFE6,1OO)XCARD,(CARD(J),j=I,IO)

LAS=I IO-- IDATA (|)

CC_FUTED GO TO

IF THE VALUE TRANSFER

ICODE TO

IS STATEMENT

! 11

Z 20

3 3O

4 40

5 SO

S SO

• 70

8 8O

9 90

10 ZOO

I:2,Z+i ,... ,NUN/ I I

TANK(ID,K)=DATA(I)

TANK(ID,19)--TAN_(ID,|3)+.D01

TANK (ID,16) =TANK (ID,14)

NTANKS=NTANKS+I

STIME=OATA (1) _ DH=DATA (S)

ETIME=DATA (2) FSTART=DATA (6)

I ST= IDATA (3) FEND=DATA (7)
LST=IDATA (4)

,DA,A<_LYS,5, -_T----_-lo'

L_ REFEAFTTO 4S ____ J:(l-l)i4ilSTAGE(I,I)=DATA(3)

I=|PI+I,''''NSTAGE $TAGE(I,2)=DATA(J+|)

INSTAOE:NON''

KAGE(I)=IDATA(J÷2)
R EFEA;UO 55
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KHYDRC_|

HC'AH=DA TA (5)HYMX=DATA 141

XSTAS (N, | }=O .O HyNX=% *0 ]NO .
IDATA {Z) .NI_.NALYS (3)

KHEMBR=O

1 _ '

F, OUNT= I DATA (I) zFD=DATA (4)

COHFuTED GO TO

1IF THE VALUE: TRANSFER

OF ID TO

IS STATENENT

I 81

2 85

____ _*f;_! TE (NTAFE4) LRUN, (FSK (I ,1 ) , I:I ,29) L_TRANSFER TO $UBROUTINE_

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,

and TLOC (Sheet 3 of 8)
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ROOT LIST,R(F

_ REFEAI TO 20 ,_

FOR

I=1 ,1+! ,... ,20 Y=E*X#*4+A*X*_3+B_X_*2+C*X+D ___

YI=E¢4.O_X_3+3.0_A_X_2*Z.O_B_X_C

Y=Y/YI

X=X-y

_WRITE

ABS (Y)/_FOOOOOO0_

3-30

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,

and TLOC (Sheet 4 of 8)



KT:NAIL+| HFT:STAGE(KTtl)

HF_=$TAGE (KB ,1 ) LI T=I

SFORCr LIST,REF

I _ \ L,T,, / ,

P:HP ( ZT)

GA M=HD (! T)

F
RANSFER TO SUBROUT]_'_

HEADS

L|T,2 /

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,

and TLOC (Sheet 5 of 8)
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KPB:NSERCHNAIL3C4LIT=!(HPN) _)_

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,

and TLOC (Sheet 6 of 8)

3-32



TERNN L|ST,REF

IOO)X ]_TRANSFER TO SUBROUT|NIE_t4RXTE(NTAPE6_ EX|T ; "

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,
and TLOC (Sheet 7 of 8)
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TLOC LIST,REF

A__ ___ KAGE (I I) .GT.20

I 10 1

_0_,,_o_0 ____
IT--ITANK, 1 TFNC_K + I ..... N TK

CONT I NuE

I T. GT. NTANKS I T:NTANK$

LIK--TANK (IT,i)

HLI Q--TANK (I T ,17) +TANK (IT ,19)

F=HF (I T)

GAM-_HD (I T)

TH:TAN_(IT,2D) q

Figure 3-5. Subroutine Flow Charts, PROCES, ROOT, SFORCE, TERMN,
and TLOC (Sheet 8 of 8)
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STORAGES

S

O ; N E N S ] ON E D VARIABLES

SY NB(_. STORAGES SYMBOL STORAGES SyI4BOL STORAGES $yNBOL ST_AGE$

Figure 3-6. Subroutine Flow Charts, UNPAC, UPDATE (Sheet 1 of 5)
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UNPAC LISTtREF

J:,,,.,.....I/ I K:I-J
NG(J)=]TEM/|O#_K

! TEN: I TEH- NG ( J ) _| 0 _tK

N| = NG (1)

N2:NG (Z}

NS=NG (5)

Figure 3-6. Subroutine Flow Charts, UNPAC, UPDATE (Sheet 2 of 5)
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UFOA TI[ LIST,R[F

_ NA I LED=NA I L3+ 5. (NDATE- 1)

C_4PUTED GO TO

IF THE VALU( TRANSFER

OF NAILED TO

I S STA T1EIENT

1 30

2 40

3 40

4 20

S |0

6 8O

7 80

8 eO

9 _0

10 7O

__ITE (KTAFE)NOC,NTY,IH,A,B,C,HAIL,IT,VSUB

_ t*lR| TE (KTAFE) ( (FSK (I , J) , J=l ,| 5) ,FSK (I, 15) ,FSK (l , | 5) , 1:1 ,NOC) __

NTY=O

A=TANK (IT,T)

B=TANK (IT,8)

C--TANK (IT,Z)

A=TANK(IT,9) I ] IN=I
B=TANK(IT,IO)

C=TANK(IT,4)

_RI TE (KTAFE) N_C ,NTY, IM,A ,B .C ,NA IL, I T, VS_

_ vjR_ TE _K TAFE) _ (F$K (| _ J _ _ J_| _ 5) _ T_F _ FSK _ _2) _F$K _ _]_ _FSK _| e5) _T_F _ _F$K (_ _K) _K_

,1 51 ,FSK (I ,1 51 ,FSK (I ,| 5) , |=1 ,NOC) _ TO_I ' --

Figure 3-6. Subroutine Flow Charts, UNPAC, UPDATE (Sheet 3 of 5)
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READ(NTA FE)NI F,NTY,OEN$,AtB+C,NNNN_IIpVSUB _ITE(KTAFE)MIF,NTYsOENSsA ,B,CpNNNNtII_VSL_

f
REAO(NTAFE)((UFD(K_M)tM=l_%7),K=I,MIF) FC_ FSK(Ij5).LT.UFD(I,5)

I:I,I+I,...,MIP

J=! ,lel ,... ,6 UPD(I ,| 5) :FSK [I _15) UFD(I ,IO)=TOF

UFD (I 1161 =FSK (I _ 51

FSK (1,13) .GT .UPD (1,13) FC_

M=II,II+I,...,14_

_ tJRITE(KTAFE} ( (UFD (J+K) +K=! ,17) +J=1 _MIP) __

UFD (I ,M) =FSK (I ,M)

UFD (1,17) =FSK (1,15)

READ (NTAFE) MI P,NTY, IM,A ,B ,C i NNNN, I I , VSUB _I TE (KTAFE) MIF,NTY , IM,A ,B ,C ,NNNN, I I , VSU8

Figure 3-6. Subroutine Flow Charts, UNPAC, UPDATE (bheet 4 of 5)
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a

R£AO (NTAFE) ( (UFO {J ,K) ,K:| ,17) , J:! ,NIF| |=| ,|*| , . . .,141FOR _'SK (I , 5) .LT.UFD (1 , 5) _. 1

RE_T TO 3$_5
L_J=I , $ :1C_, .... UFD (I ,151 =FSK 1I ,151 UFD (| ,101 --TOF

_D (I, 6) =TOF UFD (1 , 7) . LT.FSK (1,2) UFD (I ,B):FgK (| ,3)
UFD (1,9) :FSK (| ,51

Figure 3-6. Subroutine Flow Charts, UNPAC, UPDATE (Sheet 5 of 5)
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SYMBOL

MINUS

syMBOL

DIMENSIONED VARIABLES

STORAGES SYMBOl. STCRAGES SYMBOL STORAGES syMBOL STORAGES

3-40

Figure 3-7. Subroutine Flow Charts, VOLUME (Shee_ 1 of 3)



VOL UNI[ L|ST,REF

FR US (.3OOOFL, b3OO1 FL oQOOZFL ) oF! CQOOOFL/3.0¢ (QO01FL *QOO! FL*_OOJ IrL t:QOO Z FL'* QODZlrL _t(I I

ELL| (QOO]FL ,QOO4FL ,QOOSFL)---FI =QOOSFLtQOO3FL/QOO4FLe(QOOSFL_QOOSFL-_IOOSFL_/(3.0(r.QOO4FL)) { _ 1

S_-)[ NI X= TANK (J, I ) * .OO1 UNPAC
J=_[ ,|+1 , ... , NTANK _NI X,4pNl ,h_, N3 ,N4 , NS_

TA NK ( J
I

1 1 ) o

V:FRUS (TANK (J ,2) TANK {J .5) TANK (J ,11 ) ) TANK (J ,1_)=ABS (V-'lANK |J ,|3) ) TA .0
/V'=O °0

_ ] . J TANK (J, | 5) :ELL] (TANK (J ,9) , TANK (J ,|0) , TANK (J ,4) )

[

V=FRU$ (TANK (J ,4) I TANK (J, 6) , TANK (J, |2) )

/

TANK (J ,15) :ABS (V-TANK (J i15) )

TANK {J, 14) = F'_ US (TANK (J, 3) , TANK (J _ 5) , TANK (J :6) ) f!TANK (J ,18) =TArJi:, (J ,13) +TANK (J ,14) +TANK (J ,15)

TANK (J,16):TANK (J,|6I*TANK (J,18) N/NUS (NUSI=J

HU_:NU$* !

-$ jl_-! w• • - wt4U

Figure 3-7. Subroutine Flow Charts, VOLUME (Sheet 2 of 3)
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I

TRANSFER TO $UB_OUTI • _

|, NTANKS /_--i U i
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3.2.1.3

'3o.2.1.4

g. ROOT - Finds roots of 1 to 4 th degree equations.

h. TERMN - Error exit routine.

i. TLOC - Determines specific information about area to be analyzed.

j. UNPAC - Deciphers control words.

k. UPDATE - Writes and edits a summary tape.

1. VOLUME - Finds partial and total volumes of vehicles tanks.

m. GLINT - Generalized linear interpolator.

Output Routines

a. ATITLE - Prints basic case information.

b. BTITLE - Prints specific case information.

c. PRINT - Prints specific structural information.

Input Routines

PROCES - Reads header cards.

3.2.2 ERROR RETURNS

The STRESS program has two types of error returns which are as described in the

following paragraphs.

3.2.2.1 Non-Fatal

Non-fatal errors are those errors which occur upon the initialization of a case. When

a non-fatal type of error is encountered, an appropriate message is written off line,

,he base being processed is skipped, and the program continues with the next case.

3.2.2.2 Fatal

Fatal errors are those which are encountered while a case is being executed. If a

fatal error is encountered, the comment ERROR CODE = N will be printed off line and

the program will come to a halt. N may take on the following two values:

88 - a nonexistent table has been requested.

3 - the Newton-Raphson's method failed to emerge on a root.
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3.2.3 DICTIONARYOF PROGRAMSYMBOLS

3.2.3.1 INPUT

The labeledcommonnamedINPUTis usedto store information which is read from

the LASSinput tape.
a. XSTAS

b. XSTAS
c. XSTAS
d, TAST

1
2

e.

f.

g.

h.

i.

(I, 1) = the height from a 0.0 reference point as defined by LASS.

(I, 2) the moment at height XSTAS (I, 1).

(I, 3) = the force at height XSTAS (I, 1).

= flag to signify flight status.

-flight (any time point).

= last time point for specific flight.

3 = last time point for last flight on the tape.

TOF = time of flight.

AAXIL = axial acceleration.

NSTAS = number of stations (index I in the XSTAS array).

DUM (1) = LRUN = the run number assigned by the LASS program.

DUM (I) (I - 2, 6) = not used.

3.2.3.2 SPEC

The labeled common SPEC contains the vehicle's specifications.

a. STAGE (I, 1) = height above 0.0 reference point of the discontinuity.

b. STAGE (I, 2) = radius at STAGE (I, 1).

c. KAGE (I) = type of discontinuity at STAGE (i, 1). (See input requirements.)

d. TANK (N, 1) = type of tank. (See input requirements.)

e. TANK (N, 2) = the distance from the lowest point on the tank to the high-

est point vf the bottom head.

f. TANK (N, 3) t'.,: distance from the highest point of the bottom head to

the lowest point of the top head.

g. TANK (N, 4) = the distance from the lowest point of the top head to the

highest point on the ta_k.

h. TANK (N, 5) = radius of the tank at TANK (hi, 2).

i. TANK (N,

j. TANK (hi,

k. TANK (N,

1. TANK (N,

m. TANK (N,

6) = radius of the tank at TANK (N, 3) + TANK (N, 2).

7) = semimajor axis of the bottom head.

8) = semiminor axis of the bottom head.

9) = semimajor axis of the top head.

10) = the semiminor axis of the top head.
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n. TANK (N,

o. TANK (IN,

p. TANK (N,

q. TANK (N,

r. TANK (N,

s. TANK ON,

t. TANK (N,

u. TANK (N,

v. TANK (N,

w. TANK (N,

x. FUEL (K,

y. FUEL _K,

z. FUEL (I4,

aa. FUEL (K,

ab. FUEL (K,

11) = radius of the tank at its lowest point.

12) = radius of the tank at its highest point,

13) = volume of bottom head.

14) = volume of midsection of tank.

15) = volume of top head.

16) = ullage volume.

17) = height of liquid level in the tank.

18) = total volume of the tank.

19) = not used.

20) = cone angle at the liquid level.

1) = burn rate of the fuel.

2) = specific weight of the fuel.

3) = temperature of fuel.

4) -- temperature of the gas over the fuel.

5) : not used.

3.2.3.3 CONTROL

The labeled common CONTROL contains control flags used in this program.

a. STIME = the starting time of flight to be analyzed.

b. ETIME = the ending time of flight to be analyzed.

c. NPR = the print flag.

d. DT = delta time.

e. NTANKS = number of tanks on the vehicle.

f. NSTAGE = number of discontinuities on the vehicle.

g. IST = discontinuity number where analysis will be started.

h. LST = discontinuity number where analysis will be stopped.

i. NAIL = discontinuity number of the section being analyzed.

j. NAIL1 = not used.

k. NAIL2 = not used.

1. NAIL3 = type of head which is being analyzed.

m. NOC = number of analysis points in section being analyzed.

n. IT = tank number of section being analyzed.

o. IF = fuel number of section being analyzed.

p. IM = dummy metal number.

q. NTAPE = FORTRAN logical tape number 2 or 3.

r. KTAPE = the number that NTAPE is not.

s. NDATE = signal for a one-time point job.

3-45



t. KOUNT= run number of LASS flight to be searched for.

u. DH = height increment at which the analysis will be done.

v. IFUEL = number of fuels.

w. IMETAL = not used.

x. KHYDRO = hydrostatic test flag.

y. KBUCKL = not used.

z. KMEMBR = membrane analysis flag.

aa. PSTART = time of flight when printing will begin.

ab° PEND = time of flight when printing will stop.

3.2.3.4 COMPUT

The labeled common COMPUT is used for intermediate storage for a computed struc-

tural section.

a.

b.

e.

d.

e.

f.

g.

h.

i.

j.

k.

1.

m.

n.

o.

P.

q.

r.

So

t.

Uo

V.

W.

X.
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FSK (I, 1) = height.
1

for 2FSK (I, 2) =N x (N x +N02- NxN0) _.

= 2 + _ NxN0)_.FSK (I, 3) N o for (N x N02

FSK (I, 4) = radius (negative radius means the hydrostatic test has been

performed).
1

FSK (I, 5) = (Nx2 + N02 - NxN0 )_. !

FSK (I, 6) = time of (Nx2 + N02 - NxN0 )2.

FSK (I, 7) = N x for buckling.

FSK (I, 8) = N O for buckling.

FSK (I, 9) = not used.

FSK (i, 10) = time for buckling.

FSK (I, 11) = N x for (N x + NO).

FSK (I, 12) = N o for (N x + NO)-

= + N O.FSK (I, 13) N x

FSK (I, 14) = time for (N x + NO).

FSK (I, 15) = temperature.

P = pressure over fuel of tank being considered.

GAM = specific weight of fuel of tank being considered.

TH = cone angle at liquid level.

GF = gravitational force.

GG =1.0.

HLIQ = liquid level height of tank being considered from 0.0 reference.

HP (I) = pressure in tank (I) at time being analyzed.

HD (J) = specific weight of fuel in tank (I) at time being analyzed.

THT (13 = the total height of tank (I).



3.2..3.5 TSTORE

The labeled common TSTORE is used as a buffer for the updating procedure.

a. UPD

b. UPD

c. UPD

d. UPD

e. UPD

f. UPD

g. UPD

h. UPD

i. UPD

j. UPD

k. UPD

1. UPD (I,

m. UPD (I,

n. UPD (I,

o. UPD (I,

p. UPD (I,

q. UPD (I,

(I, 1)= FSK (I, i).

(I, 2) = FSK (I, 2).

(I, 3) = FSK (I, 3).

(I, 4) = FSK (I, 4).

(I,5) = FSK (I,5).

(I,6) = FSK (i,6).

(I, 7)= FSK (I, 7).

(I,8) = FSK (I,8).

('I,9)= FSK (I, 9).

g,

g,

10) = FSK (I, 10).

11) = FSK (I, 11).

12) : FSK (I, 12).

13) = FSK (I, 13).

14) = FSK (I,14).

atwhich /NJ+N02-Nx% occurred15) :temperature

16) = temperature at which lowest value of N x occurred.

17) = temperature at which minimum (Nx + NO) occurred.

3.2.3.6 CONST

The common labeled CONST contains constants which are used throughout the program.

a. PI = 7r.

b. EXTRA = not used.

c. REFF = not used.

d. HGAM = specific weight of fluid used in hydrostatic test.

e. ZFD = force multiplier.

f. ZMD = moment multiplier.

g. HYMX = hydrostatic multiplier.
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SECTION4

CONSTRUCTIONSUBPROGRAMS

4.1 MONOCOQUE CYLINDER OR CONE SUBPROGRAM

4.1.1 INTRODUCTION

This subprogram finds the skin thickness required to withstand membrane-type

stresses as analyzed by the von Mises-Hencky theory. At the specification of an

option the minimum thickness required to resist buckling under axial load will be

computed using the method of Lackman and Penzien in Reference 17 of the user's

manual.

The minimum thicknesses required to resist these modes of failure are then compared,

and the structure then is designed to the governing condition. Details of the adapta-

tions of both these theories used in this program are given in Appendix G of the user's

manual.

Since the stress resultants change along the stations for a particular structural sec-

tion, a continuously varying skin thickness would result. Because a practical struc-

ture is made of sheets having a constant thickness, each structural cylinder is divided

up into equal length sheets not longer than an input manufacturing maximum sheet

length, and each sheet has constant thickness able to withstand the maximum loading

in that sheet. Manufacturing minimum gage and yield stress and ultimate stress safe-

ty factors are considered in determining skin thicknesses.

4.1.2 FLOW CHART EXPLANATION

4.1.2.1 Inputs

Inputs guiding flow through the flow chart are as follows:

a. NSHEET = the number of sheets this cylinder has been divided into by

the LOOP routine. Maximum membrane and buckling loads have been

picked out for each sheet by the same routine.

b. NBUCK = signal which indicates whether buckling analysis is to be

performed.
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Figure 4-1. MONMAS
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c. NC (152) = signal indicating whether detailed intermediate output should

be printed out.

4.1.2.2 Variables

Variable names used in the flow chart are as follows:

a. WEIGHT = total weight of cylindrical structure.

b. W = weight of sheet under consideration.
s

c. I = index used for sheet number in loop to compute weight of each sheet.

d. tf(ultimate) = skin thickness when analyzing membrane solution for

ultimate stress failure.

e. tf(yield) = skin thickness when analyzing membrane solution for yield

stress failure.

f. tf(buckling_ = skin thickness required to resist buckling failure. Set

to 0.0 if NBUCK = 0.

g. tf(maxinmm) = skin thickness required to resist governing mode of

failure.

4.1.2.3 Subroutines

The subroutines used are:

a. MHEAD - handles analysis of monocoque heads construction. Has own

program document.

b. MONOUT - prints out intermediate output for each sheet which has been

stored in the THICK array in common.

4.1.3 SPECIAL ATTENTION ITEMS

The program has no iterations and no error returns.

4.2 MONOCOQUE HEADS SUBPROGRAM

4.2.1 INTRODUCTION

This subprogram finds the minimum weight monocoque shell design for an ellipsoidal

head under a given loading which may include external pressure. The subprogram is

called when the head is divided up into practical sheet lengths and maximum loads for

each sheet have been picked out. An exception is if the monoeoque head is called from

the waffle program as a substitute for the waffle heads construction, in which case

sheet divisions are dummied for one sheet, and maximum loads are picked out.
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The first step is to find the minimum skin thicknessfor eachsheetneededto withstand
the maximummembraneloadin the sheet. The vonMises-Henckytheory is usedhere.

The minimum skin thicknessneededto resist buckling is thenfoundfor eachsheet.

This is doneby convertingthe ellipsoidal headto anequivalentsphereandusing the
classical vonKarmen-Tsien formula. Thebuckling analysis is optional, andis per-

formedonly whenan input signal asksfor it.

'_. ....... _.... s l_d_ th_olrn,_¢¢ c_f th,_ tu,n i_ thpn piok_d to design the final sheet to with-

stand the governing condition. If no buckling analysis is specified, the membrane load

face thickness only is used. The manufacturing minimum gage of the material being

used is considered here.

4.2.2 FLOW CHART EXPLANATION

The following inputs govern flow through this routine:

a. WEIGHT = total weight of this head.

b. I =index to keep count of sheets.

c. tf(ultimate) -- skin thickness required to withstand membrane load with

respect to failure by ultimate stress and its safety factor.

d. tf(yield) = skin thickness required to withstand membrane load with re-

spect to failure by yield stress and its safety factor.

e. A = semimajor axis of ellipsoidal head.

f. B = semiminor axis of ellipsoidal head.

g. NBUCK -- signal for buckling analysis.

h. tf(buckling) = skin thickness required to resist buckling. Set to 0.0 if

NBUCK = 0.

i. tf(minimum gage) = manufacturing minimum thickness for material

being used.

j. tf = final sheet thickness for governing condition.

k. W = weight of sheet I.
s

1. NSHEET = total number of sheets for this head.

4.2.3 SPECIAL kTTENTION ITEMS

The program has no iterations, but does have the following error return. Current

design capability for construction progreuns and current Saturn V configuration dictate

that all elliptical heads must be tangent to the cylinder to which they are attached

4-4



I
Simulate Sheet Division For I

One Sheet and Scan For !"

Maximum Loads V

V
(Dssign)Yes Say MHEAD No

C ailed From

WHEAD

_sphUSe This Sphere_ S A=B:' _'_.. _IS Ellipsoidal He ad_ d _'_

As Equivalent- _ (If SO, Head _-_ Attached Tangent _ Compute Equiv.alent I

ere For Buckli_] _ IsSpherical))- _,, ToWall )- _ere For Buckl_

Signal For

tailed Output --_

Yes

lr

<>
P

Yes

_, dDoesSignalSay_

N M.ZADC_Z 1

Lyo w. . j
Yes

Print Message

To Explain

That MHEAD

Called By WHEAD

I We were called by I

I MONMAS and have Sheet I

_--1 Divisions from I

! "LOOP" Routine I
I i
[ __J

]

I

Weight = 0.0
I = I _ Error /

!

Find tf (yield) and tf (ultimate) for Sheet I I

I

Compute [
tf (buckling)

For Sheet I

NBUCK = 1

tf = MAx (tf(minimum gage)

I=I+ 1

To Print

Detailed Output

if(yield), tf (ultimate), tf(buckling)

Use tf to compute Ws, weight of I

elliptical section Sheet I. l

Weight = Weight + W s ]

Figure 4-2. MHEAD
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(sphericalheadsneednot be tangentto their cylinder). A test is madeto assure thal_
all ellipsoidal headsare tangentto their supportingeylinder, anda fatal error with

exit called results if the test is violated. This, however, shouldnever happenif input
to the stress program is correct andthere is no computermalfunction.

4.3 HONEYCOMB CYLINDER OR CONE SUBPROGRAM

4.3.1 INTRODUCTION

*11_. ,tUait_LIWiL t*i Lilim buulJ.tu_i _111 lb it) IIlIU tile IIIIIlIIIIUlII welgnt honeycomb sandwich

eylinder to x_ithstand the given loading condition. Two modes of failure are con-

sidered: strength failure as analyzed by, the von Mises-tleneky theory', and buckling

failure which ineludes general instability and various modes of local instability.

The program uses the following procedure to find minimum weight structures. First.

minimum face thicknesses required to resist the strength (membrane) load are com-

puted using the von Mises-Heneky theory. Then, the minimum weight face-core thick-

ness combination able to resist the axial load is formed by the theory described in

Appendix H of the user's manual. In finding the minimum weight configuration, a

series or range of core material shear moduli are considered. The material of least

density (and therefore least core shear modulus) is considered first, and the optimum

face/core combination is found for it. This design is then checked against criteria

for failure via face wrinMing, shear instability, or monoeell buckling, or for violation

of maximum core thickness. If the design violates any of these modes of local failure,

it is rejected. The procedure is repeated for the whole range of values of core shear

m, Ii lus specified, and the minimtm_ weight design is chosen from the designs which

resisted all modes of failure.

The strength face thickness is then compared to the buckling face thickness. If the

strength face thickness is greater than the buckling face thickness, the strength face

thickness is used, and the core thickness for buckling is correspondingly' reduced.

Because stress resultants change from station to station, a continually varying design

would result. Since practical structures are designed in sheets of constant thickness,

each cylinder is divided into equal length sheets not longer than an input manufacturer's

maximum sheet length, and each sheet is designed to the most severe loading in its

sheet length.
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A_structural sectionis simpler to manufactureif sheetsto be joined haveequalcore
thickness. A final adjustmentin designis therefore made. Thefinal core thickness

of every sheetin the structure is increasedto themaximumof anysheet in the struc-
ture, andface thicknessesof bucklinggovernedsheetswith increasedcores are then
decreasedto optimumthickness.

An option is availablewith theprogram to set core thicknessto a fixed input value.
Theface thicknessfor eachsheetis thendesignedto the minimum that will resist all

forms of failure whenstabilized by the givencore. This is donefor all specified

valuesof core shear modulus, andthe minimumweightconfiguration is pickedout
from these.

4.3.2 FLOWCHARTEXPLANATION

4.3.2.1 Subroutine HONMAS

Inputs guiding the flow through the flow chart are as follows:

a. NSHEET = the number of sheets that make up this cylinder. Maximum

membrane and buckling loads have been found for each sheet.

b. Leq/Req = ratio of equivalent length to equivalent radius. Used to by-

pass buckling solution for extremely short sections.

Variables used in the flow chart are as follows:

a. tf(ult) = face thickness for membrane load designing to ultimate stress

and safety factor.

b. tf(y) = face thickness for membrane load designing to yield stress and

safety factor.

e. L = equivalent length (used in transforming conical sections to
eq

cylinders).

d. R = equivalent radius (used in transforming conical sections to
eq

cylinders).

e. tf(strength) = governing membrane face thickness [ maximum of tf(ult)

and tf(y)] .

f. tf(buckle) = optimum face thickness when only buckling is considered.

g. t c (buckle) = optimum core thickness when buckling only is considered.

h. tf(semifinal) = governing face thickness for a sheet equal to maximum

of tf(strength) and tf(buckle) minimum manufacturer's gage also is

considered.
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i. tc = semifinal core thickness (reduced from tc(bUckle ) if tf(semifinal_

was increased over tf(buckle).

j. t M = maximum t over all sheets.
c C

k. tc(final ) = uniform core thickness for all sheets (equal to tcM ).

1. tf(final) = final face thickness when uniform thickness core has been

applied to all sheets. Decreased from tf(semifinal) for buckling-

governed sheets the optimum core thickness of which was increased to

tc(final ) for uniform core requirement.

m. t min = minimum allowable core thickness.
c

n. tfmin = minimum allowable face thickness.

4.3.2.2 Subroutine HCOMB

Flow control symbol and variable explanations are as follows:

a. GLT (face wrinkling) = minimum core shear modulus required to keep

the faces from wrinkling.

b. GLT (shear instability) = minimum core shear modulus required to re-

sist shear instability.

c. GLT -- core shear modulus under consideration for present case.

d. d = maximum allowable core cell diameter to resist monocell
cor

buckling.

e. d rain = manufacturing minimum core cell diameter for the value of
cor

GLT under consideration.

f. Tco r core thickness (optimum) for the GLT under consideration.

g. T max = maximum allowable core thickness.
c

h. SIGNAL = switch set to 0 if optimization cannot be performed with the

given inputs. Set to i if solution has been found.

4.3.2.3 Subroutine TONINE

Flow control symbol explanations are as follows:

a. _ = face stress input into STEPTO to find core thickness needed to

stabilize this stress level.

b. _ =yield stress.
Y

c. t = core thickness.
c

d. w = weight of configuration where faces operate at yield stress.
Y

e. K 1 = parameter used in determining optimum face thickness/core

thickness combination.
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o

f. K = ratio of core density to face density.
2

g" _opt = optimum face stress level for a given structural index _×/D),

h. N = compressive axial load.
X

i. D = equivalent diameter (used in transforming cones to equivalent

cylinders}.

j. d = minimum core cell diameter for this configuration.

k. uW^pt = weight of optimum configuration for this core shear modulus.

4,3.2.4 Subroutine STEPTO

Flow chart symbol means are as follows:

a. _ = input stress for which to find core thickness needed.

b. T c initial = value at which to start iterating for T e-

c. T -- core thickness.
c

d. tf = face thickness for this stress level.

e. u = shear rigidity of panel.

f, Df = flexural rigidity of panel.

g. J = rigidity parameter.

h. Z -- geometry parameter.

i. K = buckling coefficient, axial compression.
x

j. 77 = plasticity reduction factor for general instability.

k. g = stress level that core thickness is able to support (if too far
new

from given stress level, adjust Tc).

1. AT = amountT is to be adjusted to make a closer to a.
c c new

m. 5 = tolerance on a in iteration.
2

4.3.2.5 Subroutine STPSIX

The flow chart

a.

b.

e.

do

e,

f.

g.

symbol definitions are as follows:

_yield = stress of material.

_opt = optimum stress level.

Nx/D (input) = input structural index we are trying to hit with the

iteration.

Nx/D (trial} = structural index we have found as a function of aop t.

This is tobe madeequal to Nx/D (input}.

5 3 = tolerance on Nx/D in iteration.

aul t = ultimate stress of material.

S. F. ult = safety factor when designing to aul t.
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h. S.F.yield = safety factor when designing to ayield"

i. Glt (face wrinkling, aopt) = minimum core shear modulus that will

resist face wrinkling for faces operating at stress of aop t.

j. Glt (shear instability, aopt) = minimum core shear modulus that will

resist shear instability for faces operating at stress level of
opt"

k. Glt use = core shear modulus presently under consideration. If not

sufficient to resist shear instability or face wrinkling, program re-

duces _opt"

i. _aop t =incremcnt to add to _opt tn.......get _x/D (trial_ closer to Nx/D (in-

put). Computed by Newton's method.

i

4.3.2.6 Subroutine REDCOR

The explanation of flow chart symbols is as follows:

a. a = stress at which faces operate.

b. Tf = face thickness.

c. T = core thickness.
c

4.3.2.7 Subroutine FIXCOR

Flow chart symbol definitions are as follows:

a. SIGNAL -- switch set to zero if no solution is possible. Set to 1.0 if

solution is found.

b. t c given = input core thickness.

c. t = core thickness.
c

d. Glt = core shear modulus under consideration.

e. Glt min = input minimum value of core shear modulus.

f. tf(buckle) = face thickness needed with this given core to resistbuckling.

g. Wop t = weight of configuration under consideration.

h. Wmi n = minimum weight of all configurations considered so far.

i. AGlt = increments at which to consider values of core shear modulus.

j. Glt max = input maximum value of Glt to consider.

4.3.2.8 Subroutine STFIVE

Definitions of symbols used in flow charts are as follows:

a. Tf (yield stress) = thickness of face when operating at yield stress.

b. Tf = face thickness.

c. T c = core thickness (given input value).

4-16



REDCOR - Reduces
Core Thickness For
Faces Not Governed
By Buckling

Compute
For

Required
Tf

]
/Subr°utine/STEPTO

Finds T c
For This

I

Figure 4-8. REDCOR
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d. U = shear rigidity of panel.

e. Df = flexural rigidity of panel.

f. J = rigidity parameter.

g. Z = geometry parameter.

h. Kx = buckling coefficient, axial compression.

i. _? = plasticity reduction factor for general instability.

j. _ = face stress level that this combination of core and face will
new

allow.

k. _ = actual stress of face with thickness Tf, if too far from a .... we have

found, adjust Tf.

1. 6 = tolerance on a in iteration.
2

m. ATf = amount by which Tf is to be adjusted to make ane w and a closer to

each other.

4.3.3 SPECIAL ATTENTION ITEMS

The iteration for K in subroutine TONINE and the iteration for a in STPSIX have
1 opt

both proven very stable procedures in running of this program. Maximum iteration

limit for these iterations has usually been set at 10. Both iterations have error re-

turns to indicate non-convergence.

The iterations for T c in STEPTO and Tfin STFIVE are not as sophisticated and some-

what unstable for extremely low compressive loads. A maximum iteration limit of

50 iterations has been used. No trouble has been encountered where axial compres-

sion is substantial, but the iteration occasionally has broken down for extremely low

compressive loads (less than about 250 lbs/inch). This, however, is not a real limita-

tion of the program because honeycomb sandwich structures are useful mainly to re-

sist buckling, and monocoque structures are more efficient where buckling is not

critical. Appropriate error messages are printed out if these iterations break down,

and zero weight is returned.

Another error return is provided for cases where no core shear modulus specified is

great enough to resist shear instability or face wrinkling. This return is not likely

to occur in the practical range of Glt usually considered (above 15,000 psi).

4-20



4.4. HONEYCOMB HEADS SUBPROGRAM

4.4.1 INTRODUCTION

This subprogram finds the minimum weight configuration of a honeycomb sandwich

elliptical head able to withstand a given loading condition. Both strength (membrane

load) failure and buckling failure are considered, as well as several forms of local

instability. Manufacturing limitations for minimum material thicknesses, minimum

core material cell diameters, and core shear moduli are considered.

The follox_ing method is used. The minimum face thicknesses to resist the membrane

load are calculated first using the yon Mises-Hencky theory. Then the minimum

weight core thickness/face thickness combination is found for the given axial load.

The face/core combination is adjusted off from the apparent optimum if needed to

avoid falure by local instability or violation of maximum or minimum core thickness.

Detailed theory for buckling is given in Appendix P.

The strength criterion face thickness is compared to the buckling face thickness. If

the strength face thickness is the greater of the two, it becomes the face thickness of

the configuration and the buckling core is correspondingly reduced.

A structural section is made of sheets having a constant thickness, hence the structure

is divided into equal length sheets (subject to an input maximum sheet length limit),

and each sheet is designed to the most severe loading in its sheet length.

A structure is simpler to manufacture if sheets to be joined have equal core thickness.

A final adjustment is therefore made to the design. Each sheet has its core thickness

increased to the maximum for the whole section, and face thicknesses of buckling-

governed sheets are reduced accordingly.

In designing each sheet a range of core shear moduli is considered, and the core mod-

ulus giving least weight is picked for the final design.

An option is available to input the core thickness to use. The minimum face thickness

able to withstand the given load with the input core is then computed for each sheet

for a range of core shear moduli, and the minimum weight configuration selected.
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4.4.2 FLOW CHART EXPLANATION

tf(str) = face thickness needed according to von Mises-Hencky mem-

brmne ---'"-"-

e. tf(min) = manufacturing minimum for face.

f. tc(min ) = manufacturing minimum for core.

g. tf(b) = optimum face thickness for buckling considerations.

h. tc(b ) = optimum core thickness for buckling considerations.

i. NSHEET = number of sheets of metal of which the elliptical head is to

be constructed.

j. tf(sf) = maximum of tf(str) and tf(buek).

k. tc(Sf ) = core thickness needed for tf(sf).

I. tc(max ) = greatest tc(Sf ) of all sheets, all tc(f ) are set to this.

m. tc(f ) = final uniform core thickness.

n. tf(f) = final face thickness needed by uniform core.

o. Wop t = weight per square foot of an optimum configuration for a particu-

lar GLT (core shear modulus).

p. Wmi n = minimum weight for a sheet picked from several GLT.

q. I = sheet index used in loop for the total of NSHEET sheets.

r. NSHEET = total number of sheets in head.

s. N = axial load.
x

t. GLT = core shear modulus under consideration.

u. GLT(max) = maximum allowable core shear modulus.

v. AGLT = increments in which to consider values of core shear modulus.

w. te(given ) = core thickness when input for fixed core thickness option.

4.4.2.1 Subprogram HHEAD

The following symbols are used:

a. A = semimajor axis of ellipsoidal head.

b. B = semiminor axis of ellipsoidal head.

c. C = height of head.

d.

4.4.2.2 Subroutine OPTSTR

The following symbols are used:

a. K = ratio of overall thickness to core thickness.
1

b. ITERAK = iteration counter.

c. a =yield stress.
Y
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Figure 4-11. HI-IEAD (Sheet 1 of 2)

4-23



4-24

r--\ ?

(o1,=2oooo )
, _ No

Wop t > Wmi n Wmi n

!

Glt = Glt + _Glt I

I

Yes

[ + 1 _ I = NSHEET

Yes

Is Fixed Core ) NoSignal "On"

Subroutine HOUT \

Computes Weights\

and Prints any ]

Output Specified /

Subroutine CFINI) /

Finds t/educed

Core Needed by

New tf(sf)

= W
opt

Yes

t (max) = largest

c

t (sf) of all sheets
c

I = 1

t Rubroutine FFINI) /

Finds Reduced

-- Face for l'his

New tf (buck)

tf(f) = tf(s.f)

tc(f) = tc(max) Ifor Sheet I

( t,f,=t,sf, ) YesIo ofor Sheet I

No

Q tf(sr/¢ tf(bucklel "_
_o

t_ Subroutine FFIND

inds tf(f) for Newtc( 7

I = NSHEET ) No

Figure 4-ii. HHEAD (Sheet 2 of 2)
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d. _opt = optimum working stress.

e. ITERAT = iteration counter.

f. (N/R)tr/i:l = trial value of structural index computed from aopt"

g. (N/R) 3/2 = actual value of this structural index we are trying to hit.

h. del 3 = tolerance on (N/R) 3/2 for iteration.

tr/;a = value of O[ (N/R) 3/2] computed at aopt,i. _ (N/R) l _

by Newton's method.

j. K new = iterated value of K I , compared against K I and used to com-

pute better estimate of optimum K .
1

used to iterate

4.4.2.3 Subroutine SATISF

The following symbols are used:

a. IG = signal for iterated stress above allowable for local instability.

b. IL = signal for iterated stress below allowable for local instability.

c. ITERAT = iteration counter.

d. SIZDEL = current step size (tolerance).

e. _ = input optimum stress to check for local instability.
opt

f. a = stress level we are checking in iteration.

g. GLT = core shear modulus under consideration.

h. d = maximum allowable core cell diameter to prevent monocell
cor

buckling.

i. SAT = logical variable, used as signal for resisting local instability.

j. Atf = adjustment to make to face thickness to bring it closer to mini-

mum allowable.

k. tf = face thickness.

1. N = axial load.
x

4.4.2.4 Subroutine CFIND

The following symbols are used:

a. tf = given face thickness.

b. 77 = tangent-secant modulus plasticity reduction factor.

c. _ = working face stress.

d. R = radius of equivalent sphere.

e. B = half of central angle subtended by head on equivalent sphere.

f. C = constant correction factor.
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Figure 4-13. SATISF (Sheet 1 of 2)
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Figure 4-14. CFIND
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g. Ef = Young's modulus of face material.

h. TERM3 -- variable used for computational convenience.

i. t = core thickness.
c

t

4.4.2.5 Subroutine FFIND

The following symbols are used:

a. FLOAD ---a load parameter used'in iteration to find maximum allowable

working stress.

c. R = radius of equivalent sphere.

d. B = half of central angle subtended by head on equivalent sphere.

e. C = a constant correction factor.

f. DEL3 = tolerance on iteration for FLOAD.

g. ay = yield stress.

h. _ = trial value of maximum allowable stress in iteration.

i. ITERAT = iteration counter.

j. FLOADtria 1 = trial value of load parameter computed on basis of trial

value of _.

k. t = given core thickness for which to find _.
c

1. DF = a(FLOAD)/aa = the partial of the load parameter with respect

to _.

m. tf = face thickness computed on basis of final a.

n. N = compressive axial load.
x

4.4.3 SPECIAL ATTENTION ITEMS

The iteration for optimum face stress level in the routine OPTSTR has proven very

stable in running. However, an error return is provided in case the iteration fails to

converge in the input number (MIN) of iterations.

Since the routine SATISF merely increases face thickness to the minimum that can

resist local instability, its iteration is never expected to blow up. To allow for com-

puter malfunction or incorrect input, an error return is provided if the iteration count

exceeds the input maximum number (MIS).

The iteration for highest allowable face stress in subroutine FFIND has also proven

very stable is running of this program, but again an error return is provided if the

iteration count should exceed the input maximum (MIN).
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A fatal error of not having an elliptical head tangent to the cylinder to which it is

attached is tested for. This error causes exit to be called. However, this error

should never occur if input to the stress program is correct.

4.5 45-DEGREE WAFFLE

4.5.1 SUMMARY

The function of the waffle stiffened subroutine is to design an optimum cylindrical or

conical structure with strength and buckling as governing criteria. Conical sections

are analyzed by treating them as a cylinder of equivalent length and radius. The pro-

gram will determine the following optimum design parameters by :

a. Skin thickness (TS).

b. Rib thickness (TWS).

c. Rib spacing (BS).

d. Overall depth 0-I).

4.5.2 PROGRAM DESCRIPTION

The program first calculates a strength/weight ratio as a function of C1, C2, and C3

(see Table 4-1) and picks a maximum ratio. This ratio is checked to see if all condi-

tions are satisfied (general instability, local panel buckling, rib crippling, rib spacing.

and HMAX). If all conditions are satisfied on optimum desii,m is achieved and a return

to the main program is made to check for t:_)e of case. If an optimum design is not

achieved, the next largest value is selected and the program is repeated until no con-

dition is violated.

The program then checks for a buckling or strength governed ease. If it is a buckling

governed case the design parameters are calculated and a check for minimum gage is

made. If the design is satisfactory the weight is calculated. If minimum gage is set

the iteration scheme is used to increase C3 so the same buckling strength design

parameters and weight are then calculated. If it is a strength governed case the fol-

lowing procedure is used:

a. Increase depth CH).

b. Check if H is greater than HMAX.

c. Calculate design parameters.

d. Check for minimum gage. If it is satisfactory, calculate weight.

e. If minimum gage is set the iteration scheme is used to increase C3 to

achieve equal strength.
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f.

g.

Check general instability panel buckling, rib crippling. If all is satisfied

calculate design parameters and total weight and exit from program.

If values are not satisfied decrease C3 for rib spacing, calculate design

parameters and total weight and exit from program.

The 45-degree waffle subroutine is also provided with the option to specify the overall

depth or the rib spacing. Given one of these options the other three design parameters

are chosen such that an optimum design results. Basically the same procedure is

used as that previously described with the exception that the optimization is performed

with three parameters rather than four.

Table 4-1

Parameters Built Into Program 45-Degree Waffle

1. General Waffle 45-Degree Procedure

.

3.

C1 0.1 0.ii 0.12 0.13 0.14

C2 0.05 0.i0 0.15 0.20 0.25

C3 5.0 7.0 9.0 11.0 13.0

Depth (H) Option

C1 0.10 0.11 0.12 0.13 0.14

C3 5.0 7.0 9.0 11.0 13.0

Rib Spacing Option (BS)

C6 0. 00772 0. 01279 0.01786 0. 02293 0.028

C7 0. 00384 0. 01538 0.02692 0. 03846 0.05
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Figure 4-16. General Flow Chart for 45-Degree Waffle Stiffened Subprogram
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Figure 4-18. W45MAS Flow Chart (Sheet 2 of 3)
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Figure 4-20. HOPOUT Subroutine Flow Chart (Sheet 2 of 3)
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,Es I

L_ ASEND _-_L FOR LL.GT.25 - -
F_

[_J CC2:C2(I,K)
CC3:C3(K)

GG=GCI23(I,K)

AXX:CC|/(I.-PROP(ITP4AT,2)_2)+((|.-CCl)_CC2)/(2._CC3)

ABS(FSR/FSCR) .GT.$.

S/SRC.GT.I . _ CC3.GE. (2.W, C5÷CC2)

WRI T((NTAPE6,1001)

Figure 4-20. HOPOUT Subroutine Flow Chart (Sheet 3 of 3)

4-44



200

O I N(NSI ON[D VAR ! ABL[S

SYMOOL STORAG(S S Y HB(_... STOI_AC,[S SY IIBOL

LtH|T SO,IS QU£1_N |Oe|O

STORAGES SYNBOL S TOR A f,.l[ S

Figure 4-21. 8CNU Subroutine Flow Chart (Sheet 1 of 3)
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Q

8¢NU LlST,REF

AXX:CC6/ll.-PROPIITHAT,2)**2)*CCT*(CCS-CC6) -- NYWAF /) 5|GX|-SIGX

AX= CC6/( I . -PROP ( ! THA T, 2 ) _#2) +CO 7t (CC8-CC6)

NEGN¥ CR IPP=. 385#EC/( I • -FROP ( ; THAT, ;_) _2) _ (CC7/(CC8-CC6) ) #_2

NXWAFI=NXWAF/(AX_BS)

_ XNNEW. GE.NXWAF.AND. SIGXI .GE ,NXWAF1 .AND. SIGX2.GE.NEGNXI .AND .CRIPP. GE .NXWAFI

NEGNX|=NEGNX/(AX_BS)

DELTC=-SI ZDEL

IL=!DELTC=÷SIZDEL
IG.EQ.I .AND. IL.EQ.I

CC8 "GE " 15 " _Q_ I TERAT'GE ' 30 _ | TERAT=I TERAT'I _CCS=CC8"DELTC
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l,,,,,_.-..,1.._,,,,,_.-.,.p,_,t,,,o,_..,,H ,+,o,,,,i

_ Xt4NI:'W.GI[.NXWAF.AI_). SIGX| oGE.NXWAF| .AND._SII_GX2.GE.NEGNXI .ANO. CRIPp. G_'.NXWAF|

CC8=CC8-.01 _R_

Figure 4-21. 8CNU Subroutine Flow Chart (Sheet 3 of 3)
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Determine:

Strength/Weight Ratio
and Corresponding

Values of C1, (;2' C3

if (C1, C2 ' C3)] 1/2
Ratio =

g (C1' (;2' C3)

Figure 4-22. RATS Subroutine Flow Chart

Caleutate:

f (C1, C2, C3)

for New Values

of C1, C2, C3

Figure 4-23. SPORT Subroutine Flow Chart
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Computes:
Scr

Local Panel Buck

I

I If S > SIGY

cr

S = SIGY
cr

Subroutine: Check - use

for Waffle 45

Compute FScr ]

FS
cr

FS
cr

> SIGY/SQRT(3.)

= SIGY/SQRT(3.)

L
S : DIFLOD/2.-,-"AXX*H

r
F = NEGDIF/2. *AXX*H

sr

I

Compute: Web Crippling

S = ((CC3*DIFLOD)/(1.-CC1)*CC2*H)

*( 1 .-CC1/AXX)

SRC = .385(E] ( 1 .-MUE**2)*(CC2 / 1 .-CC1))*.2)

Figure 4-24. CHECK Subroutine Flow Chart
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_ I L No ....

°:* r (

Change = -SIZDEL

IL=O, IG=0

SIZDEL = 1.0

Yes

SIZDEL = 1.0

SIZDEL = . 1

C3 = C3 INIT

C3NEW

Waffle 45

lk_
j IL=

Change = +SIZDEL

All Satisfied

Yes

Figure 4-25.

_I___
ComputeLimits

All Satisfied

C3 = C3 + Change ]
IG+IL= 1

Yes --I SIZDEL = .1, IL = 0, [
7 IG = 0 !

J SiZDEL = .01, IL = O. 1--[ IG = 0

C3 = C3 - .01 ]

No

C3NEW Subroutine Flow Chart

o
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S

\ Entry /

V
Calculate Allowable Panel Bucld.ing

SCR = 3.29" E/{1.-_ 2) *C62

FSCR = 7.75* E/ll.-N 2) *C62

If {SCR > SIGY) SCR = SIGY If {FSCR> SIGULT/_'3) FSCR = SIGULT/_f3"

I SR = DIFLOD/2 *AXX *BS iFSR = NEGOIF/2 *AXX *BS

Compute: Web Crippling

](DIFLOD) 1{C8 - C6)*tC7 *BS i .1. - C6/C8 *aX) I

she = .385* E/(1. - 2) .1C7/(C8 - C6)) 2
i

t

[ If{DILOD> 0.0) S= 0.0 ]

,1

Figure 4-26• CHKBS Subroutine Flow Chart
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Calculate :

T : CCI::-'Hs

Tws-- CC2*H

B s CC3 ;:-'H

PARAM - Use for WAF 45 and WAF 90

II

T s >_ TMIN and

Tws > TMIN

_o

i Yes

Set

ISIGN = 1

I iT s < TMIN

_o_ J
Tws ,_ TMIN Tws = TMIN

T s = TMIN ,]

CC1 = Ts/H [

I CC2 = Tws/H

v
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Figure 4-29. PARAM Subroutine Flow Chart



Determine: Optimum
Value of f(C1, C2,C3)

Based on the Maximurr

Value of

Strenght / Weight

: [9(_cl, c2, c3)] 1/2
g(C'l, C2, C3)

DESEND - Use for

Waffle 45 and Waffle 90

Figure 4-30. DESEND Subroutine Flow Chart

Subroutine: ASEND - use

for H-Option and 35- Op-
tion on Waffle 45 and

Waffle 90

Determine: Optimum

Value of g(C6, C7, C8)
Based on the

Minimum Value

of G(C6, C7, C8)

Figure 4-31. ASEND Subroutine Flow Chart
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X Entry /

TS = CC6 :',-'BS

TWS = CC7 ;',_BS

H = CC8 ",,BS

t
If (TS > TSMIN and

TWS > TWSMIN)

No

I
[ If(TS< TSMIN _-_

I
[If (TWS<TWSMIN)[ _

cc6: Ts/Bs[
CC7 = TWS/BS[

TS = TSMIN ]

I

Y

[TWS= TWSMIN]

Figure 4-32. RIBPRA Subroutine Flow Chart
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Calc. Weight Funct GG For New
Values of C6, C7, C8

GG : CC6 + 4.:::If. - CC7/2._'=

[CC8 - CC6] ==CC7/2. _ C4 =:_;::2

;::cc82;:_B. - Pl/4.] ::_D. - 2-_',=cs
::=CC8 - CC7] +C5 2;::CC8 2=::El. -

PI/4.] ;'" [CC8- CC6] _ el/2. ;'-[C5 ;'"

CC8 - 22C4 ::"CC8] * [C42 _:=C82] ::

D.- PI, 4.3

Figure 4-33. GEE Subroutine Flow Chart
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k Entry /

I
I

If (NCC 152) = 0.0

Signal to Return Weight

No

if iZiGNI = 4

Signal for 90 °

I
Print Title and

Mat for -45 ° Waf

Print Title and

Mat for 90 ° Waf

Print Output Titles

Yes

Do NSHEETSCalc. Weight

Wait =G (C6,C7, C8) * BS/12 * Den

(45 °) * FB * Sur. Area

Print: Sheet No. N

Weight

Skin Thick- TS

Rib Thick- TWS

Rib Spacing- BS

Depth

Fillet

Radius- RWS

Cutting Head

Radius- RN

IZIGNI = 4

_No
I

RWS = C4,* CSs* BS [

RN = C5.* C9,* BS ]

Yes

_--_Weight = Weight + WAFWAT [

RWS = SEA 4 * C8 * BS

RN = SEA 5 * C8 * BS

4-58

Figure 4-34.

If (NCC 152 = 0)

INo
Write - Total Weight ]

of Section I
I

WATT Subroutine Flow Chart



Entry /GRINGO

Calc. C6 (1), C7 (J)

I)o 900 N = 1, NSHEET

N = NStlEET
V_.s

No

Determine: Max

NX, VONMIS, DIFLOD

NEGDIF Each Sheet

Call KN TERP

Check for Strength

Gov'd Cases

CC7 = 01 CC9 = .1

Calc: CC6 According to

the Max. Based on ULT or Yield

Calc: Allowable Panel

Buckling, General Inst

and Rib Crippling

If all the Allowable

Greater than Real

Nn

Call INTER P

Given B S Calc. Strength

Required for Buckling

!

_-_1 Dtb I00 I = 1, 5

-I D$ 100 J = l, 5

Calc: C8 (I, J) GC678 (I, J)

100 Continue

Yes

Figure 4-35. GRINGO Subroutine Flow Chart (Sheet 1 of 2)
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Call ASEND Put

GC678 in Asending

Order, Save Subscript

i De 800 LL = 1, 25 ]

!

]If LL. Gt. 25

]No

].,5¢c:_ll°wa_l°.P:neL_o

I If all Allowable Gt.than the Real

Yes

Yes

Call RIBPRA: Check

Min Gage {If TS Set

TSMIN and TWS Set

TWS MIN Set

IZIGN = 1

Calc: New Value

GC678 Base on

New CC6, CC8

If IZIGN = 1 t

I
Recalc: New Value of

CC8 Main CC6, CC7

l
Calc: Allowable Panel

Buckling, General Inst.

and Rib Crippling

No

1
Error Message

II Check Strength

_--- Based on Ult. and

Yield

I
If Both Satisfied

No

Yes

Maintaining Same Values

of CC6 and CC7 I_mrease

CC8 Based on Max Accord.

to Ultimate or Yield

I
i

! If HMAX Gt H

If One or MoreViolated

I Call C8 NEW

I Call RIBPRA

I
If IZIGN = 1

Yes

Call C8 NEWCall RIBRA

I

1

I

j [ 9ooContinue
_[ Call RIBWAT

I -I

I

I

H Return [

Figure 4-35. GRINGO Subroutine Flow Chart (Sheet 2 of 2)

4-60



o

" 4.6 SUMMARY OF SUBROUTINES

4.6.1 W45MAS

Main subroutine to establish a method for optimizing 45-degree waffle for each section

of the vehicle. Analysis is done for both strength- and buckling-governed cases.

4.6.2 RATS

Computes strength-to-weight ratio based on C1, C2, C3 that are built into the program

for 45-degree waffle.

4.6.3 CHECK

Calculates allowable panel buckling due to compressive or tension forces whichever

the case may be. Also calculates allowable rib crippling for 45-degree waffle.

4.6.4 C3NEW

Reduces the value of C3 in increments of 1.0, 0.1, and 0.01 until general instability

panel buckling, and web crippling are satisfied for 45-degree waffle.

4.6.5 SPORT

Recalculates new value of strength/weight due to the changes incurred in C1 and C3 in

the program.

4.6.6 C8NEW

Iteration routine which reduces or increases C8 in increments of 1.0, 0.1, and 0.01

until conditions are satisfied. Use for rib spacing option for 45-degree waffle.

4.6.7 HOPOUT

Option to specify overall depth for 45-degree waffle.

4.6.8 GRINGO

Option to specify rib spacing for 45-degree waffle.

4.6.9 CHKBS

Calculates panel buckling, rib crippling for rib spacing option for 45-degree waffle.
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4.6.10 GEE °

Calculates weight function for new values of C6, C7, and C8 for 45-degree waffle rib

spacing option.

4.6.11 WHAT

Output routine for both 45-degree and 90-degree waffle. Calculates and prints (1) fillet

head radius and cutting head radius, (2) weight of each sheet, and (3) total weight of

section. Prints skin thickness, web thickness, rib spacing, and overall depth.

4.6.12 ASEND

Puts strength/weight ratio or weight function in ascending order from minimum to

maximum also saving the subscript.

4.6.13 PARAM

Calculates skin thickness (TS), rib thickness (TWS), rib spacing (BS), and checks

minimum gage. Use for both 45-degree and 90-degree waffle.

4.6.14 RIBPRA

Calculates skin thickness (TS), rib thickness (TWS) and checks minimum gage for

45-degree and 90-degree waffle rib spacing option.

4.6.15 DESEND

Puts strength/weight ratio in order from maximum to minimum.

subscript.

Also saves the

4.6.16 WATT

Output routine for 45-degree and 90-degree waffle rib spacing option. Calculates and

prints (1) fillet head radius, (2) cutting head radius, (3) weight of each sheet, and

(4) total weight of section. Prints (1) skin and web thickness, (2) rib spacing, and

(3) overall depth.
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Table 4-2

Nomenclature for 45-Degree Waffle

FORTRAN Symbol Engineer Symbol Description

CC1

CC2

CC3

H

SEA

TS

TWS

BS

RBAR

NXWAF

DIFLOD

VONMIS

AXX

NE GDI F

NEGNX

NEGNY

NYWAF

GG

C4

C1

C2

C3

H

C

t
S

tw
s

b
s

R

N
x

+N + N
x y

2 NxNy Y

A
x

-N +N
x y

-N
x

-N
Y

N
Y

g(c, c, c)

C4

Ratio of skin thickness to

overall depth

Ratio of rib thickness to over-

all depth

Ratio of rib spacing to overall
depth

Depth

Correction factor

Skin thickness

Web thickness

Rib spacing

Equivalent radius

Maximum compressive loading

Maximum algebraic difference

Maximum yon Mises loading

Longitudinal extensional stiff-

ness parameter

Maximum negative algebraic
difference

Compressive loading for maxi-
mum negative algebraic
difference

Hoop loading for negative
algebraic difference

Hoop loading corresponding to
maximum N

x

Weight function

Ratio of fillet radius to overall

depth
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Table 4-2

Nomenclaturefor 45-DegreeWaffle {Cont.)

FORTRANSymbol EngineerSymbol

C5 C5

HMAX

HMIN

SHEETL

VIP4

CHKNX

SIGY

SIGULT

E

WAFWAT

RN

RWS

SCR

FSCR

SR

FSR

S

SRC

DEN

MUE

SFULT

SFYLD

H
max

_,I.LIA

Sheet

2C/R[ f(C z, C 2, C3)] EH 2

 yld

_ult

E

w

R
n

R
WS

S
cr

F
scr

SR

r
F

S

S
re

P

S- F. ul t

S. F. yld

Description

Ratio of cutting head radius to
overall depth

Maximum allowable depth

Minimum allowable depth

Sheet length

Signal for options

General instability

Yield strength of material

Ultimate strength of material

Modulus of elasticity of
material

Weight per surface area

Radius of rib intersection

Fillet radius

Allowable panel axial buckling
stress

Allowable panel shear buckling
stress

Panel tensile stress

Panel shear stress

Rib tensile stress

Allowable rib axial buckling

stress

Density of waffle material

Poisson's ratio of material

Ultimate safety factor

Yield safety factor
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Table 4-2

Nomenclature for 45-Degree Waffle (Cont.)

FORTRAN Symbol Engineer Symbol Description

TMIN

TRIB

IZIGN

IZIGNI

CC6

CC7

CC8

RATIO

STREN

GC123

TMIN

TRIB

C6

C7

C8

_I

If(Cf Ca,C3)12

g(C 1 , C a , C a)

[f(C 1, C a, C3)]

C , C3)g(Cl' 2

Minimum gage thickness

Minimum rib thickness

Signal when parameters are
set to minimum

Signal indicating waffle 45- or
90- degree analysis

Ratio of skin thickness to rib

spacing

Ratio of rib thickness to rib

spacing

Ratio of overall depth to rib

spacing

Strength/weight ratio

Strength function

Weight function

4.7 ITERATION ROUTINES

The 45-degree and 90-degree waffle require an iteration approach for evaluating one

or more of the variables. In C3(C8) iteration, C1(C6) and C2(C7) remain constant

while C3 is changed.

C3NU, C3NEW, CSNU, and C8NEW are iteration routines based upon the following

procedure. The purpose of the iteration routine is to zero in on the optimum design

by reducing or increasing (C3 or C8) in increments of 1.0, 0.1, and 0.01 until the

conditions (general instability, rib crippling, and panel buckling) are all satisfied.

When this occurs we have the best design, that is, optimization of design. Then,

return to main program and calculate weight.
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4.8 ERROR RETURNS

4.8.1 W45MAS

If program is unable to find an optimum design the user should increase restrictions

of HMAX.

4.8.2 W90MAS

If program is unable to find an optimum design the user should increase restrictions

of HMAX.

4.8..q H-OPTION-45

If program is unable to find an optimum design the user should increase restrictions

of HMAX.

4.8.4 H-OPTION-90

If program is unable to find an optimum design the user should increase restrictions

of HMAX.

4.8.5 45-DEGREE RIB SPACING

Investigate a more reasonable value.

4.8.6 90-DEGREE RIB SPACING

Investigate a more reasonable value.

Option - GRINGO of rib spacing (BS).

Option - RIBOPT.

4.9 90-DEGREE WAFFLE

4.9.1 90-DEGREE WAFFLE STIFFENED SUBROUTINE

The function of this subroutine is to design an optimum cylindrical or conical structure

with strength and buckling as governing criteria. Conical sections are analyzed by

treating them as a cylinder of equivalent length and radius. The program will deter-

mine the following optimum design parameters :

a. Skin thickness (TS).

b. Rib thickness frws).

c. Rib spacing (BS).

d. The overall depth (H).
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4,9.2 PROGRAMDESCRIPTION

The strength/weight ratio as a functionof C1, C2, and C3 (see Table 4-3) is analyzed

and the maximum ratio is checked to see if all conditions are satisfied. These condi-

tions include general instability, local panel buckling, rib crippling, rib spacing, and

HMAX. If it is determined that this is the optimum design a return to main program

is made to check for type of case. If design is not optimum the next largest value is

checked and the process is repeated until no condition is violated.

The program then checks for a buckling or strength governed case.

governed case the following steps are used:

a.

b.

C.

If it is a buckling

Design parameters are calculated.

Check for minimum gage. If satisfactory, calculate weight.

If minimum gage is set the iteration scheme is used to increase C3 so

we have same buckling strength.

It it is a strength governed case proceed as follows :

a. Increase depth (H).

b. Check if H is greater than HMAX.

c. Calculate design parameters.

d. Check for minimum gage. If satisfactory calculate weight.

e. If minimum gage is set the iteration scheme is used to increase C3 to

have equal strength.

f. Check general instability, panel buckling, rib crippling. If all are satis-

fied, calculate design parameters and total weight and exit the program.

g. If not decrease C3 for rib spacing, calculate design parameters and

total weight and exit.

The 90-degree stiffened waffle subroutine is also provided with the option to specify the

overall depth or the rib spacing. Given one of these options the other three design

parameters are chosen such that any optimum design results. Basically the same

procedure is used as previously described with the exception that the optimization is

performed with three parameters rather than four.
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Table 4-3

Parameters Built Into Program 90-Degree Waffle

Q

1. General Waffle 90-Degree Procedure

o

3.

C1 0.05 0.06 0.07 0.08 0.09

C2 0.02 0.04 0.06 0.08 0.10

C3 3.0 4.0 5.0 6.0 7.0

Depth Option (H)

C1 0.05 0.06 0.07 0.08 0.09

C2 3.0 4.0 5.0 6.0 7.0

Rib Spacing Option (BS)

C6 0. 00716 0. 01287 0.01858 0. 02429 0. 030

C7 0. 00286 0. 010395 0. 01793 0. 025465 0. 033

4.9.3 SUMMARY OF SUBROUTINES FOR 90-DEGREE WAFFLE

4.9.3.1 W90MAS

Main subroutine to establish a method for optimizing 90-degree waffle for each section

(is divided into sheets). The analysis is done for strength- and buckling-governed

cases.

4.9.3.2 RAT9

Computes strength/weight ratio based on C1, C2, C3 that are built into pro_o-ram.

4.9.3.3 PANEL

Calculates allowable panel buckling due to compressive and tension panel buckling is

checked for maximum compressive N and maximum negative algebraic value.
x

4.9.3.4 C3N_._U

Reduces the value of C3 in increments of 1.0m 0.1, and 0.01 until general instability,

panel buckling, and web crippling are satisfied for 90-degree waffle.
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Increase H

Check H Max

Calc, Design

Parameters

Check Minimum

Gage

Increase to

Min Gage

I
Strength

Determine Max Loads

Divide: Equal Lengths

Transform Conical Sect.

Multiply Loads by

Safety Factor

Calc: St rength/Weight

Hatio Pick Max

Calc: H, Panel Buck.,

Rib Crippling and

1 Rib Spacing

Check to See if all Satisfied

I
1

I=
Choose Next

Largest Value

Strength/Weight

l Yes

Check Strength or
Buckling Governed

C_ ;e

Ok

Increase C3 so we ]

m

Have Equal Strength I

CheckGen_nsta__ _--"
Rib Crippling, Calc

Rib Spacing
and Panel Design Param.

Buckling

t

] DecroaseC3for__q C_c ___Rib Spacing Design Param

Ok

INo

Buckiing _ I

-]

_J

Calc: Design

Parameters

1
Check Minimum

G age

I
Increase to

Min. G age

1
Increase C3

so we Have

Buckling Strength

Gale. Design

Parameters

Calc. Weight

Figure 4-36. General Flow Chart for 90-Degree Waffle Stiffened Subprogram
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Waffle 90

HOPOUT

RIBOPT

WHEAD

RATg0

DESEND

Executive Control

Program

I
/

•_ W90MAS _. I_ WHAT

SPORT

3NU

PROTEM ' _ PARAM I_._INTERP PANE L PANE L

SPORT 1

Figure 4-37. W90MAS
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$TMBOL

ISTEP

D | N [ N S I ON [ D VA R I A B L [ S

STORAGES SYMBOl. STORAGES SYMBOL. ST(_AC['S SYMBOl.

|25,| 3Ttrp 125,| LIMIT IO,15 QU[[N

Figure 4-38. W90MAS Flow Chart (Sheet 1 of 7)
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CYL

|=L- (K- 1) _2S- (J-l) _cS MAXVH=LIM|T (N,4) {HAXD|F, 12) =0.0
K={L-I}I2S+! _ LEND=LIMIT{N,2)

J=(L~(K-L)_25-1}I5+I HAXNX=LIHIT(N,3)

I$TART=LIHIT(N,I) HAXD]F=LIHIT(N,5)

Figure 4-38. W90MAS Flow Chart (Sheet 2 of 7)
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NEGNY :-C'N (8) _kUPO (MAXD ]F_ 1_)NI[GDIF:(-UPD(MAXO][F_|I)+UPD(MAXOZF,12))

"rL_,IP=UPO (NAXNx _ 16)

CCS=CI(I)

Q_J_[N(NtS)=H

CC2=C2(J)

CC3=C3(K)

_-7

NX_/AF:-CN(8)tUPO(MAXNX,T)

NYWAF:-CN{8|_UPO(NA](NX_M)

VONM/S=UPO(NAXVNwS)

NF.GNX=-CN(8)tUPD(NAXIDIFtJi)

X-

H=$QRT ((NX_/AF_RBAR) / (2 • *SEA_tE[C<cSTRb'T¢ ( I , J ,K ) ) ) _ H • GT • HHAX9

GG--GCSZ3 (I j J I K) NYWAF / I

C = %s,o,oTsY 

Figure 4-38. W90MAS Flow Chart (Sheet 3 of 7)
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I RIBI=.385*(¢/(I.-PROP(lI,2)t*2)t(CC21(! .-CC1))$*2 J-_

CC3.G£. (2.¢'SEA5.CC2)

VOYAG2= (CN(?) W,VCWWH I $)/C_BI T

H=HYLO

_ VAR5= (CC2# ( | . -PROP ( ! ! i 2) _:_2) ) / (CC3- (CC24E ( I • -PROP ( ] ! _2) #_k2) ) )

VAR4=(CC3"_(1.-PROP(II,2)_w2))I(CC3-CC2_W(1.-PROP(IIp2)_2))

CZULT=VAR4_ ( (CN (8) _'VONMIS) / (H_SU)) -VAR5

CIYLD=VAR4_ ((CN(7) _VONMIS) / (HIkSY)) -VAR5

4-74

Figure 4-38. W90MAS Flow Chart (Sheet 4 of 7)



rl QU_N(N_3)=TWS
Q_EN{Nj4):_S

QU_N(NIB)=0G

QU_£N(Nli)=c(| _,

QUEEN(N,G)=CC_

QUEEN(N,7)=CC3

GUE_N (N_)=TS

GG:(CC3_$2_CCI*(CC3-CC2/Z.)$CC2/Z.t(I.-CCI)_4.)/CC3#_2e(2._pI_($EAS-.2Z_$EA4))

ICC3#t2_(S[A4*_2_(|.'PTI4*))+(4.*SEASt_Z*(2.-PII4.)_(I.-CC|))/CC3_2e(4._S_A4_

_2_(I.-PI/4.)#ICC3-2._S_AS-CCZ))/CC3_

TS.GE.PROP(II,G).ANO.T_S.GE.PROP(;I,$) _ RELAY=CCI/(|'-FROPflI'2)_Z)LUNARE:LUNARI=(cN(CN((8)7) _VONNI_VONNIS)s) // ((H_SU|H_SY) _.

ECIIO= (I .-CC| ) _CC_ I

Figure 4-38. W90MAS Flow Chart (Sheet 5 of 7)
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/_3$$2$(S_A4_(1_-P_/4_)÷(4_EA5_¢2_|_PI/4_)_(1_c_1))/_3t_2$(4_EA4$_

GG={CC35_2¢C*S÷(CC3-CC2/2.}_CC2/2._(l.-CCI)*4.)/CC3_#2+(2.tPlt(S£AS-.22#SEA4))

*2$(I.-PI/4.)$(CC3-2.tSEA5-¢C2))/CC3$*_

AXX:CC!/(I.-FROP(II.2)_$2) +(¢C2_(1.; CCi))/CC3

Figure 4-38. W90MAS Flow Chart (Sheet 6 of 7)
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_EN _N, 3) : TWS • Ae_D • TWS. CE. PRO," ( ! !, S ) I_UJ_ e* SFIER TO SUOROUI"! N£%'_.___

,iv

/CC3_#2#($_A4_t2_(I.-PI/4.))_(4._$EAS_#2#(I.-PI/4.)¢(I.-CC|))/CC3$_2e(4o_SEA4_

GG=_C3::_2_cC1_(_3-_c_/2_)_C_/2_1.-cC1_#4_)/_3_2+(2_P_$EA5-_22_$EA4))

_2_(I.-PI/4.)_(C¢3-2._$EAS-CC2))/CC3_2

I Q_J_.EN(N,3) :TWS _t

----f CUE-EN(N,4) =B$ _QL+F_EN (N, 8 ) =GG

QUEEN(N_7)=¢C3

QU_EN(N,6)=¢C_

QU£EN(N,_)=T_

]- R N F _ OUT

,_"_ 1 TE ( N TAPE6 , 1000)

Figure 4-38. W90MAS Flow Chart (Sheet 7 of 7}
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4

O | N r N S I ONI_D VARIABLES

SYNBOL STORAC,[S SYNBOt. STORAC, ES SI'NBOL

LIN|T |O,|S QUEEN IO*|0

STORAC_S SYNBOI. STORAGES

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 1 of 10)
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C3NUI FUL|ST_REr

_"=° I I

r

IL=O

CC3=CC3

TEHP=UPD(HAXNX,|6|

L_--_GO TO 1002

XNNEW: (2 .=SEAK, EC_STRF_SS#H,_,_2) /REQBAR

NXtJAF1 =NXWAF/ (XAX#H)

NEGNXI=NEGNX/ (XAX_tH)

CRIPP=. 385_EC/( ] . -FROP ( I I , 2) ) _ (CC2/( 1 . -CCt ) ) _2

STRESS= ( (CC2 >CCl #//. 96) / (20.4 _CC3## • 9;') ] _$ .459

AXX:CCI / ( I . -FJ_OP ( I I , 2) _::'2) + (CC2# ( | • -CC| ) )/CC3

XAX=AXX

_ NY.AF _- _TR AN SF-E R ;:NS:B_C_J T I NE SIGX,_S,GX

-- _YES ........

XHNEW. GE .NXWAF.AND. SIGX! . GE.NXWAFI .AND. SIGX2.GE.NEGNXI .AND .CRIPP.GE .NXWAFI

OELTC=-SI ZDEL

l IL=I
DELTC=÷SIZOEL

_'_--f | T£RAT= | TERAT_|
CC3=CC3÷0£L TC

EQ.1 .A D.IL.EQ. _NQ--_C_Q t CC3.LT.SEA5+CC2 _NO _

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 2 of i0)
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B

_,EW. GE. NXWAF. A_'D. S I GXI . GE • NXWAFI . AND. $ I GX2. GE. tIEGNX1 . AND. CRIFP • G£. NXWAF1

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 3 of 10)
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b

DIMENSIONED VAR I AB L[S

SYMBO4. STOQAGES SYMBOl.. STORAGES SYMBOl,. STOI_AGES SY HBOI.

LIMIT IO,15 QUEEN IO,|O STAIR 25 /STAIR
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Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 4 of 10)



111111)

RBAR :R[QSAR C?(|) : .00Z86 FOR IrOR

¢S(I} =.0(]71 $ OELTT=.OO?S3S | :_, 21| ,... ,$ J=2,2.1 , ... ,$

REPEAT TO 900 _ I ISTART=LINITCN,I) _._
CONTINUECONTI_N IrClR _ LEND=LIMIT(N,2)

=1,1+| , • • o ,NSHEET MAXNX=LIMIT (N,3)

MAXVM=LIMIT (N*4)

C6(1)=C6(|-I}_DELTI_,

CT(J)=CT(J-|)_OELT7

MAXDIF=LIMIT(N,$) _)_ UPD(HAXDIF,If).LT.O.O _'7,

UPD (MAX'D IF, | 2) =O.O

NXWAF=-CN (8) _UPD (MAXNX, 7)

NYWAF=-CN (8) _UFD (MAXNX u 8)

VC_*,; Tf | 5=UFD (MAXVM, 5)

NEGNX=-CN (8) _UFD (MAX_ IF, | | )

_t NEGNY=-CN(B)#UFD(MAXIDIF,12)

h_GDIF=(-UFD(HAXDIF,I1)+UFD(HAXDIF_12))

TEMF:UFD(MAXVM_IS)

C¢7=.01

CC8=.1

C6ULT:VARS¢((CN (8)¢VONMIS)/(SUCBS}-VAR6) _,

C6YLD:VARS_((CN(7)_VONMIs)/(SYCBS)-VARS)VARS:C$.-FROF(II,2)*_2)/(f.-CC7t(I.-PROP(II,2)t*2))

VAR6:CCT_CC8

CE;ULT. GT. C6YLD t C_T _ TRENS= ((CC7_CC6_#.97)/20-4) _$ • 459#CC8t'1 - 541
TEMP=UPD (MA XNX, | 6)

__________,R k N S F.E R ,0 SUB ROUT i NIE_._ XNNEt4--(". *$EA*EC.TRENS#BS*.2)/REQBAR _R A N S FE R ;:jLUBR OUT, N____

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 5 of 10)
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$IGX2=$1GX

I RIBI=.385_'EC/(I.-FROP(ITHAT,2):_2)_(CCTI(CCB-CC6))$$2 I
CRI FP:. 385 _EC/(! .-rROP ( l TIL_T, 2) :_2) * (CC7/ (CCB-CC6)) *.2

NXWAF! =NXWAFI (AX_BS)

NEGNXI =r;EGNX/(A×_BS)

I-- " t STREN=(NXWAF_REQBAR)I(2.*SEA_EC_DS*_2)

Ek REFEAT TO IO_-_O_REPEAT TO

I=I ,I+I , • . J=l ,I+I , • .

i----t C8(I,J)=(20.4/(CT(J)_C6(I)_*.96))_#.297¢STREN_*.647
C_(I,J):C6(1)

GC6T8 (I, J) =C6 (1) +4.*( (I .-C?(J) /2.) • (C8 (I, J) -C6 (I))*CT(J) /2. ÷SEA4:_'_2_C8 (I , J)**2 J

*(_-P_/4_*(1_-2_*SEA5,_(I_)_C7(J))_SEA5_#2:_C_(_'_)*¢_2*(_/4_)*(_(I_J)- _ CONTINUE

C6 (I ) ) *PI / 2. * (SEAS*C8 ( I, J) -. 22_SEA4¢C8 (I, J ) ) # (SEA4#*2_C8 ( I _J ) ¢,2) * (! .-PI/4.)_ I "J J rl

j .
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Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 6 of 10)



i_O00OTM

[ L:ISTAIR(LL) C¢7:C7(J)1,1
L . . IJ

AXX=¢C6/ (I,-FROP(! THAT,2)**_)_CET*(CES-CC6]

|=L- (J-$)'5

GO TO

aDO

PANEL S | GX. G T. SY

NEGNY

YES

R ! 8! =. 385*EC/ (1 . -PRC_ = ( ! THAT, 2) *'2) * (CC7/(CC8-CC61 ) **2

<

__ RANGE=CN (e) *VONN I $ "'-_ VAR4 =CC6_ (| . -$. / (CC75 ( 1 . -FROP ( IrTHAT, Z) **2) ) )

I ¥O_'AG2= (CN (T) _tVONHZ S) /ORBI T CBYLD= (CN (7') *VONHI S) / (CCT_$Y_BS) <'VAR4

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 7 of 10)
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s,

o

a

icc.:C_OL,_.=oc..,_I---_

i J H=HHAX9 I

_ C¢8=H/B5

VARS=(I,-PROP(IIp2I$$2)I(|,-CCT*(I.-PROP(|IIZ)_2))
VAR6=CCT_CC8

_ c6u.T.0T.C6YL0_ OC0:C6YLO_--_,0TO_,]

J C6ULT=VAR§_((CN(B)_VON MIS)/(SU_B$)mVAR6) I •

'-_C6YLD=VARS=((CN(7)_VONHIS)/($Y_BS)-VAR6) J

CC6=C6ULT
TRANSFER TO SUBROUTINE_____

RIBPRA 2_

__8_7)÷SEA5_2_8_2$(1_PI/4_)_(_8_6)+P_/2_($EA5_c8_22#SEA4_c_)_(_E t-_

QUEEN(N,6)=CC7 t_

QUEEN(N,7)=CC8

QUEEN(N,2)=TS

QUEEN(N,3)=TW$

GG=CC6+4.$((I.-CCT/2.)$(CC8-CC6)_CCT/2.+SEA4_2_CCS_#2$(|.-PI/4.)_(|.-2._$EAS_

A4*_2_CCB_2)_(I.-PI/4.))

QUEEN(N,1)=CC6

__I QUEEN (N'4) =B$ t__ IZIGN.EQ • t _ TS.GE.FROP (I THAT, 6) • AND • T_S-GE- FROP (I THAT' 5) _.
j QUEENIN,8)=GG

VAR4:CC6*I|.-I./ICC_*(I.-PROP(ITHAT,2)**2)))
CBULT= (CN(B)_VONHIS)/(CCT_SU_BS)+VAR4

CBYLD=(CN(7)_VONHIS)/(CCT_SY_BS)+VAR4

_-)[CCS=CBYLD }-_ GO TO 266 I

_____ CSULT. LE.O.D.AND.CSYLD. LE. 0.0 _ C8ULT • GT. CSYLD _
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Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 8 of 10)



L-.--_N_wA_LE_x_:_;EW°AtqD_$IGx|_GE_NX14A_|_AND_SIGx2_GE_NEGNx|_AND_CRIPP.GE_NX14AF| _L_TRANSFER TO SUBRO(JT|N___

CBNU #) 1

A4¢#2¢ECB_:_2)¢($.-PII4.)) I I

QUEEN (N, 1 ) :CC6 I l

QUEEN{N.6):CCT_,_ i_ ! • .|

QUEEN(N,7)=CC8 QUEEN(Nj4}:BS

QUEEN(N,2)=TS QUEEN(N,8)=GG

1
R A NS ER TON3UBROUT I NE_TRANSF'ERR:_pS:BROU ' | NE)__...)

TS.GE.FROF(ITMAT,6) .At_E).Tk'S.GE.FROP(ITMAT,5)

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 9 of 10)
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G_:CC6t4,t((|.mCCT/_.)$(CCO-CC6)tCCT/_.4_EA4t$2tCCBtt_t(|.-P|/4.)t(|o°_.t_EA_$

CCS-CCT)_S[AS**2*CCB**2*(l,-PII4.)*(CCS-CCS)_PI/2._(S[AS*CCS-.22*SEA4*CCSI_(SE

A4**2*CCB**2)*(I.-PI/4,))

QUE_N(N,|):CC&
QUEEN(N,G):CCT_

QUE[N(N,7)=CC8

QUEEN(N,Z):T$

QUEEN(Nm3):TWS

__T

Figure 4-40. HOPOUT Subroutine Flow Chart (Sheet 10 of 10)
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D ! N [ N S 1 ON EO VARIABLES

SymBOL STORAGES SYMBOl. STCY.qAGES SY I4BOL STORAGES STNBO4.

GU_[N 10,|O NC 200 STAIR sis ISTAIR

Figure 4-41. HOPTIN Subroutine Flow Chart (Sheet 1 of 4)
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t

HOPT|

I|:ITMAT _T

C¢2:.Q8 RANSFER TO SUBROUTIN_

CC3:1',0 1"1 INT[RP J1

T£14P:UPD (NAXVH, | S)

VARd:(CC3t(t.-FRC_(|Ij2)_2))/(CC3-CC2#(|.-FROP(II,2)t#2})
CIOLT=VA_4_((CN(8)_VC.!_41S)/(H_SU))-VAR5

CIYLO=VAR4_((CN(?)¢V_HXS)/(H_SY))-VAR5
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Figure 4-41. HOPTIN Subroutine Flow Chart (Sheet 2 of 4)



38i

T£$

STREN= (NXItAFiREQBAR) / (2.1_$EASECIHI$2} I

' RIEB.LT.NXWAF/(XAXiH) __ Ci{I}=.OS

! DEL T! :. O!

C3(I}:3.

C3 (K1 =C3 (K-I} +DELT3 _ _ _i_

r
_E_EAT TO IO0 GCI23(I,K)=IC31K),;2,Cl(I)÷(C3(_)_C2{I.t_)/2.l,C_II.K)/2.,II._CIII)I#4.)/C3(K),

_ rC_ - _2+ {2. *PI _' f SEAS-. 22. SEA4} ) /C3 (K) **2* (SEA4**Z* (1 .-PI/4. } ) + (4. #_SEAS_2* (1 .-PI/4.

- /K=I ,_*! , . . /L./ )*(1 .-Ci (11)11C3(RI**2÷(4._SEA4_-#2*(1.-FII4.)iI, IC3(K}II -2"*SEA5-C2(I tK) ) )/C3(K) ll*

, o FOR LL GT 25 K={L-I)/Se|

GCI23,ISTAIR ! LL:l,lil,... ,25 - - - I I\ .... _ / 1 <-----_ lc<,=<,,,,'1

CC2=CZ(I,K)
CC3=C3(KI

A×x:cCI/(_.-F_OP(ITMAT,2}¢_2)*(($.-CC_)#CC2)/CC3

' ]i O TO
160

C NEGNY __PANEL. I SIGXoGToSY E --L

Figure 4-41. HOPTIN Subroutine Flow Chart (Sheet 3 of 4)
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I

R181 = .385'_EC/(t. -FRGP ( I TMAT, 2) _2) * (CC2/ (! . -CCI ) ) .4.2_

Figure 4-41. HOPTIN Subroutine Flow Chart (Sheet 4 of 4)
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Entry/
RAT /

Determine: Strength/

Weight Ratio and Cor-

responding Value of

C1, C2, C3 Ratio

: [f(C1, C2, C3) ]1/2

g(C1, C2, C3)

RAT 90 for Waffle-90

Figure 4-42. RAT90 Subroutine Flow Chart

Subroutine: Sport 1

Calculate:

f(C 1,C2,C3)

for New Values

of C1,C2,C3

Figure 4-43. SPORT1 Subroutine Flow Chart

4-93



+

A_

":+- u':

n _

.+

T

J

J

¢++ .,_

i+ _``

vl

2
2

_L

5 °

= i

_ 0

.iI

_ o ,_ _

!--I ._ i

i_l-- o

- _+ ++--' _'- _I ++_ +--+°

T

;q

0

Z

m

_ o
++ _.,

7:1
- , ++,,_ I

i

,,_1

°__ +_l_"'

c_)

©

©

,d
!

4-94



E ntry /

Determine:

Figure 4-45.

Optimum Value

of f (C1, C2, C3)

Based on the

Maximum Value

of Strength/Weight

(C1, C2, C3)] 1/2

g (C1, C2, C3)

¥

DESEND Subroutine Flow Chart

Determine:

Optimum Value

of g (C6, C7, C8)

Based on the

Minimum Value

of G (C6, C7, C8)

Subroutine: DESEND -

use for WAF 45 and

WAF 90

Subroutine. ASEND- use

for H-Option and 35-Option

on Waffle 45, Waffle 90

Figure 4-46. ASEND Subroutine Flow Chart
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Entry /

V
Calculate: ]

TS = CCI*tt

TWS = CC2*H

BS = CC3':-_t/

Subroutine:

1

'l'S > TMIN and ] Yes

ITWS _> TMIN

_o

Set 1
ISIGN = 1

_o

o

PARAM - Use for Waf 45

and Waf 90

v
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Figure 4-47. PARAM Subroutine Flow Chart



4

4.9.3.5 SPORT1

Recalculates strength/weight ratio based on new values of C1, C2, or C3 that were

calculated in main routine for 90-degree waffle.

4.9.3.6 RIBOPT

Option to specify rib spacing for 90-degree waffle.

4.9.3.7 HOPTIN

Option to specify overall depth for 90-degree waffle.

4.9. _o.8 C8NU

Rcduces or increases the value of C8 in increments of 1.0, 0.1, and 0.01 until general

instability, panel buckling, and web crippling are satisfied for 90-degree waffle rib

spacing option.

4.9. :_. 9 WHAT

Output routine for both 45-degree and 90-degree waffle. Calculates and prints (1) fillet

head radius and cutting head radius, (2) weight of each sheet, and (3) total weight of

section. Prints skin thickness, web thickness, rib spacing, and overall depth.

4.9.,_. '_ 10 ASEND

Puts strength/weight ratio or weight function in ascending order from minimum to

maximum also saving the subscript.

4.9.3.11 PARAM

Calculates skin thickness (TS), rib thickness (TWS), rib spacing (BS), and checks

minimum gage. Use for both 45-degree and 90-degree waffle.

4.9.3.12 RIBPRA

Calculates skin thickness (TS), rib thickness {TWS), and checks minimum gage for

45-degree and 90-degree waffle rib spacing option.

4.9.3.13 DESEND

Puts strength/weight ratio in order from maximum to minimum.

subscript.

Also saves the
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4.9.3.14 WATT

Outputroutine for 45-degreeand90-degreewaffle rib spacingoption. Calculatesand
prints (1) fillet headradius, (2)cutting headradius, (3)weightof eachsheet, and
(4) total weightof section. Prints (1) skin andwebthickness, (2) rib spacing, and

(3)overall depth.

Table 4-4

Nomenclaturefor 90-DegreeWaffle

FORTRANSymbol EngineerSymbol

CCI

CC2

CC3

H

SEA

RBAR

NXWA F

DIFLOD

VONMIS

AXX

NEGDIF

NEGNX

NEGNY

NYWAF

IZIGN

C1

C2

C3

H

C

R

N
X

+N + N
x y

Nx2 N +- Nx y

A
X

-N + N
x y

-N
X

N
Y

N
Y

N 2

Y

Description

Ratio of skin thickness to

overall depth

Ratio of rib thickness to over-

all depth

Ratio of rib spacing to overall

depth

Depth

Correction factor

Equivalent radius

Maximum compressive loading

Maximum algebraic difference

Maximum yon Mises loading

Longitudinal extensional stiff-
ness parameter

Maximum negative algebraic
difference

Compressive loading for maxi-
mum negative algebraic
difference

Hoop loading for negative

algebraic difference

Hoop loading corresponding to
maximum N

x

Signal when parameters are
set to minimum
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Table 4-4

Nomenclature of 90-Degree Waffle (Cont.)

FORTRAN Symbol

IZIGNI

VIP

SIGX

GG

SEA4

SEA5

H._L_X9

HMIN9

SHEET

C tt KN.'K

SY

SU

EC

WA FWA T

RN

RWS

PROP (II, 6)

PROP (If, 5)

CC6

CC7

Engineer Symbol Description

Cr
X

g(C 1, C 2 , C 3)

C4

C5

HMAX

HMIN

SHEET

2C/R[ f(C1, C2, C3) ] EH 2

_'ld

ault

E

w

R
n

R
ws

TSMIN

TWSMIN

C6

C7

Signal indicating 45- or 90-

degree analysis

Signal for options

Allowable panel axial buckling
stress

Weight function

Ratio of filletradius to overall

depth

Ratio of cutting head radius to

overall depth

Maximum allowable depth

Minimum allowable depth

Sheet length

General instability

Yield strength of material

Ultimate strength of material

Modulus of elasticity of
material

Weight per surface area of
sheet

Cutting head radius

Fillet head radius

Minimum gage thickness

Minimum rib thickness

Ratio of skin thickness to rib

spacing

Ratio of rib thickness to rib

spacing
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Table 4-4

Nomenclature of 90-Degree Waffle (Cont.)

Q

FORTRAN Symbol Engineer Symbol Description

CC8

CN(8)

PROP (I, 1)

PROP (I, 2)

WEIGHT

C8

S° F.
tilt

b" _" yld

P

W

Ratio of overall depth to rib

spacing

Ultimate safety factor

Yield safety factor

Density of material

Poisson's ratio

Total weight of section

4.10 WAFFLE HEADS

4.10.1 PROGRAM DESCRIPTION

Subroutine WHEAD has been designed to analyze waffle stiffened heads. It is called

directly by the W45MAS and W90MAS routines. The analysis includes the calculation

and testing of design parameters until an optimum set is obtained. Once minimum

gage requirements and strength requirements are satisfied, the weight is calculated

and output with the optimum design parameters.

4.10.2 SPECIAL ATTENTION ITEMS

If there is no compressive loading, subroutine MHEAD is called, since the monocoque

analysis will handle the problem sufficiently for strength governed cases.

If A (major axis) is not equal to B (minor axis) and C (height of head) does not equal B,

then a major error has occurred and the discontinuity number, A, B, and C are

printed out and an exit is called.

4.11 NO-FACE 60-DEGREE CORRUGATION

4.11.1 DESCRIPTION

For general optimization, design parameters are calculated first for zero rings and

then for one and more rings. The parameters for zero rings are saved and used as a
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Block 1

Block 2

R=A
Yes No

A=B
= Y - 2Tan -1 (A/B)

1_ = A/Sin fl

J Find Max V.M. Load and
-- | Max Compressive

I Loading (N x)

N = -S.F.uI t (N x)

Calculate Equiv. Loading

Pec 1 = 2N/R

1
Determine the Value_ F

C=.40 F=1.88/C "40

Calculate bw/b s

tw/t s = .80

r = [._ tw/ts] 4
bw/b s = 2rql+{l+l/r) 1/2}

/t w / t s

I
1

I

I IMax Buckling

Call MHEAD

Figure 4-48. Subroutine WHEAD (Sheet 1 of 4)
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Calculate Average Thick.

'_' = FR (Peq/F,)3/5

Calculate Ts, D w

t s = 142 (tw/b s) (tw/t s)

t w = (tw/t s) • t s
!

T
Calculate bs, b w

bs F_._;__,:ts:_/%qR31/2
b w = (bw/b s) • b S

Block 3

Block 4

4-102

Yes

Yes

ts' ts rail

No

>ts min
&

>twmir

No

Let t w = t w rain

t s = tw/(tw/t s)

No

Figure 4-48. Subroutine WHEAD (Sheet 2 of 4)

Let b s = t s rain

t w = (tw/ts). t s

I



Block 5

Block 9

Block I0

_" = t s (1 +2 bw/b s • tw/t s)

p = E (_/FR) 5/3

bw = (Peq/P) 3/2 . bw old

)
Find Materiat Prop. at

Max V.M. Load

S _ult " S'F'ult 4Nx2 _ Ny2 - Nx Nyt

• and/or

k_,_ _vield_ _ S'F'_ ield _Nx2_t_ Ny2 - Nx Ny

:u,,t,lt " "_yield]

t
=

ts 1 + 2(bw/ts) • (twits)

+ Ny 2 - NxNy

t w = (tw/ts) -ts

C 4 = C904

C 5 = C905

ITSP
=3

C 4 = C454

C 5 = C455

Block 1 3

tare :ts[l+2tbw_ltw_]__bsJ_ts j ] 2rr[ CS(bw+ts)-'22.

C 4 (bw+ts) ] [C42(bw_ts) 2 (1-77/4)] /bs 2

2
+ 4C52(bw4ts )2 (1- 2_)(1-t s)/b s

4C42(bw+ts )2 (1-_{) _s-2C5(bw+ts)-t /b s'

Figure 4-48. Subroutine WHEAD (Sheet 3 of 4)
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1

Surface Area =l
2_ AC/144

Call MHI,:AI) I

Block 14 Fil[c,t Radius P_'tween Ribs .................. rs

Fillet Radius P_-twt_en Skin and Ribs ............. rw,

Tota[ Weight ........... W_d ght

Wt, ight = w- E. Area: F b Jt'" b _ |"abtu(.atit n Factor

s = C5 (ts + b w)

..... [ rw_:C 4.(t s +b w) ]

Output

] _Skin Thickness ........ ts Rib Spacing .........

• =-- Rib Thickness ........ tv¢ Rib bsDepth ...... b w
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base for future calculations. Each time the weight is found for a particular number

of rings, it is compared to the weight of number of rings -1. If the weight is less, it

is stored away and another ring is added. When the weight of the new calculations is

greater, it is assumed that the previous stored parameters are the optimum and the

sheet is complete.

\Vhen all sheets are complete, weights for rings between sheets are calculated and the

total weight for the section is computed.

If an error condition is found in either the thickness or depth, the previous set of

parameters (number of rings -1) are used for the sheet.

When either the number of rings or the thickness of corrugation is input, an optimiza-

tion is performed based on the input parameter; parameters are calculated directly.

If an error occurs, the option is dropped and the sheet is recalculated by optimization

techniques.

If the depth of corrugation is input, optimization is performed. In each ease, the thick-

ness is taken to be the larger of the thickness for local crippling and the thickness for

Euler buckling. All other procedures are identical to having no options.

Table 4-5

60-Degree Corrugation - Glossary of Terms Used in Flow Chart

Name Description

N

SHEET

NS HE ET

N
Y

N
x

L

R

D

E
c

E
r

"/e

T r

Sheet counter

Input sheet length

Number of sheets in this section

Maximum N buckling over this sheet
Y

Maximum N buckling over this sheetx

Length of sheet section

Average radius of beginning and end stations for this sheet

Diameter

YoungVs modulus of the core material

YoungVs modulus of the ring material

Density of core material

Density of ring material
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Table 4-5

60-DegreeCorrugation- Glossaryof Terms Usedin Flow Chart (Cont.)

Name Description

ZN'OPT

COROPT

tel

1
ce

t
c m

t
c

F

b

P

d

A

WTS

WTR

WT

RING

BAYS

WTRNG

WEIGHT

Imput Option

0: No parameters are input
1: Number of rings/sheet are input

2: Thictmess of corrugation is input

;l: Depth of corrugation is input

When INEPT 1, 2, 3, the value of the option is input as COROPT

Thicl-mess necessary for local crippling used when INEPT :l

Thicl,mess necessary for Euler buckling used when INEPT - ;3

Minimum allowable thick_mess

Thickness of corrugation

Corrugation compressive stress level

Ratio of the unsupported corrugation panel width to the corrugation
thickness

Pitch of corrugation

Depth of corrugation

Area of corrugation

Weight of corrugation shell

Weight of rings

Sum of WTS and WTR

Number of rings for this sheet

Number of bays for this sheet

Weight of ring between two sheets

Total weight of this section

Meaning of Subscripts Used In Flow Chart

0

N

d
min

d
max

t
c

min

Indicates calculation for sheet with no rings. Used in ratios to form
new values.

First set of values to use in comparison for optimum parameters

Second set of values to use in comparison. K seeond set is more opti-
mum, the loop continues and all n subscripts are stored as 1 subscripts

Refers to final sheet parameters

Mininmm allowable depth

Maximum allowable depth

Minimum allowable thickness
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PRLXT

F-@
I
I
I
I
[

I

!

)

Figure 4-49.

Entry point to a routine

Return from a routine

Return - is a normal return

Return - 1,2,3, or 4 are non-standard returns

Call to a subroutine to be executed

A question statement, answered by yes or no.

An indicator answered by the value of the

indicator

A printed output statement indicating an error

or important condition.

A comment statement, store statement or

arithmetic equation.

Flow chart connector.

A "GO TO" statement

Beginning of loop. Loop is executed until

completed by limits (e.g., I-l, 13) or until

some other statement transfers the program

out of the loop.

End-of-loop indicator

Flow Chart Symbols
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Any Buck > 50 [bs )Ny
]

.oop to Process AH Sheets)
DO 150 N = 1, NSheet

Set Up Necessary Parameters for This Section

NX = Max NXBuckXS. F. D = 2R

L :1h, -h21

R=Irl _r2

©

E c = Young;'s Modulus of ('ore

E r = Young's Modulus of Rin_

6 e = Density of Core

6 r = Density of Ring

@_ LA6cWT° = 1728--

L
r

Print:

i
Q>c o tcm

A = 4.19 Dtco

_D NX

F° = A 1/2

ftoop Loads in

This Section

PrecLudes Use

of 60 Degree

Corrugation

Corrugation

Thickness for

Sheet N is

Less Than

Minimum Before

Rings are Added

P = 3 R °o t('o

_/_ Po

Figure 4-50. CRIMAS Subroutine Flow Chart (Sheet i of 4)
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J

Ring = COROPT ,] + I

Save Values

and Also

Store as First

Calculated Set

b n = 1-91_Fn]

Pn = 3 b n tCn

dn = _- Pn
6

Bays = Ring _ 1

Ring =
tc°2 iCOROPT 2

Ring = O

WTR o = O

tcl = tco

b 1 =b o

F l = F o

P1 = Po

d 1 =d o

WT 1 = WTo

WTR 1 = WTRo

Check Input

Option to

Decide on

Optimization

d n = COROPT

Pn = 6 dn/_r_-

=/NX dn2 _1/3

t = NX L 2

4.5 Bays 2 dn2 E c

tCn = tee I

tcl _> tce

I tcn = tcl

I
bn = .544 L [N x _1/2 /tcJ/2

IPn = 3 b n t n

r5 Pn
dn= --

Figure 4-50.

Value of Thickness

of Corrugation

for Sheet N

with _ Rings

is Less Than

Minimum Allowed

and Equals tcn

CR1MAS Subroutine Flow Chart (Sheet 2 of 4)
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(dmin-< dn-< dmax) Q

A = 4.19 D ten

WTS = AL6c
1728

NOPT = 2 and Ring = 0

WTR n = 0.0 I

WT n = WTS + WTRnl

(

WT 1 < WT nOptimization
Continues

INOPT )

J

Print:

l Value of Depth of Corrugationfor Sheet _ with Ri_i-_

I

WTRn

Rings is Out of Limits

and Equals dn

©

8.37x10 -5 NX P D 5 6r

E L 1728
F

Solution Found I I

I tc I = tCnb I = b n

d I = d n

@_ PI=Pn

WT 1 = WT n

WTR 1 = WTR n

Print :

t c = tcl

P=P1

d=d 1

Error Procedure

_ INOPT )

Off Optimum
Condition

Will be Used

for This Sheet

WT = WT 1 x FB

WTR = WTR 1

Ring = Ring-I

?
Sheet Complete

t c = tCn

P:Pn

d:d n

WT : WTnXFB

WTR = WTR n

Ring = Ring

Print:? _ 7

Input Values Will ] I

Not Be Held. _ INOPT = O

Optimization Will N = N-1
Be Performed
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Figure 4-50.

End of Sheet Loop

Calculate

We ight of

Rings Between

Sheets

)O 175 N = 1, (NSheet - 1))

Ln

L1 = Bays n + 1

Ln_l

L 2 = Baysn_l+l

L12 = L1 + L2

t 1 = larger of

tcn & tCn+l

b I = larger of
bn & bn_ 1

NX = larger of

NX n & NXn+ 1

Choose larger

of two parameters

in each case be-

tween sheet n and

sheet n+1.

NX ?t D 5 6
r

L12 E 1728
C

Calculate

Section

Weight

_'TRNG
n, n+l

x8.37x i0

ouputall>DataCall COROUT

CR1MAS Subroutine Flow Chart (Sheet 4 of 4)
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4.12 SINGLE-FACE CORRUGATION

4.12.1 INTRODUCTION

Given a section divided into equal length sheets, this subroutine will calculate the

strength/weight ratios as functions of C 1, C 2, and C (predefined parameters) and3

store the ratios in descending order. Choosing the largest strength/weight ratio,

the corresponding C 1, C 2, and C 3 will be assumed optimum for testing purposes. If

local buckling, panel buckling, or maximum corrugation height is violated, the next

.....laL'_t value o_ the strengtn/welgnt....... ratio is chosen and testing is repeated until no

test is violated.

C 20 25 30 35 4O
±

C 2O 25 3O 35 4O
2

C 500 1200 1900 2600 3300
3

The strength is then checked and new design parameters calculated. If strength gov-

erns, a new corrugation thickness will be calculated and new design parameters to

satisfy strength requirements before further testing. In either case, i.e., strength

governing or buckling governing, minimum gage is checked and if satisfied, weight is

then calculated and output immediately with the corresponding geometry information.

If minimum gage is violated, it must be satisfied and ring spacing increased prior to

calculation of weight and output.

4.12.2 ROUTINE TROUBLE SPOTS AND POSSIBLE CORRECTIONS

4.12.2.1 CR1MAS (1)

Hoop loads in this section preclude use of 60-degree corrugation. (Self-explanatory.)

4.12.2.2 CR1MAS (2)

Corrugation thickness for sheet is less than minimum before rings are added.

It is impossible to reduce skin thickness to optimize weight. Either reduce minimum

thickness or ignore this construction.

4.12.2.3 CRIMAS (3)

Value of thiclmess of corrugation for sheet _ with _ rings is less than minimum

allowed and equals. The addition of this ring causes an error. Calculation con-

tinues with the latest number of rings not causing an error. Possibly adjust minimum
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©

Subroutine CRZ MAS

1

Do NS = 1, N Sheet I
!

I_
Find: Length of Sheet

Maximum Compressive Loading

N ' _ N ' at Max. V.M. Loading
x y

Multiply Comp. Loading by the

Negative Value of S 1 F ult

BMAX = [BMAX x CNS[

Find Properties at

Maximum V.M Loading

Find Properties at

Maximum Buckling

C alculate Strength/Weight

Ratios as f (c 1, C2, C 3)

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 1 of 9)
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?
Store Strength/Weight

Hatios in Descending Order

¢

Choose S/WMm x amd the

Corresponding C 1, C 2, C 3

@_ 1_5 > 125

Calculate t c I

Figure 4-51.

j Error MessageI_robI.cm Cannot bc

--_ Solved with })rcsenl

Illcst victi(m of d c A[h)w

FN : FNCRP

(C I, C 3, a, E, t c)

Yes

CR2MAS Subroutine Flow Chart (Sheet 2 of 9)

Q
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m

No

l
Bucklin_ GovernsUse B Properties

C1 = D c minlTc]

V
Calculate Design Parameters

Corru_,ation Depth d c

Skin Thickness t s Block 10. 11

Ring Depth d r

Number of Rin_s i

T c : _/BMax. R/2C: (Fccc(C 1, C 2, C 3, u)

A = 2 - T c [1 + 2 C2/C 3 J Block 9
Y

A = 4 T Calc C3NEW
x c

y (N_)+_)> OU It and/or °Yield
] _Ay SFu1 t SFviel d

I Yes

i ......IUse V.M. Properties

)( )- 1 (2 + 4 C2/C3)

[ /(xUltl._
___ VMinimum _ _rUlt °Yield,T , /SFyiel d

Calculate New Design Parameters

•Je=C1Tc Ifd "_.d =>d =d
New c CMa x c CMa x

and C1New = de/T c

T :2T

s CNe w

dr : C 2 Tcrew
I : Rings C3New

©
Figure 4-51.

Block 13

CR2MAS Subroutine Flow Chart (Sheet 3 of 9)
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4-116

s2Ts ,

T c -" Tcmin

Ts -" 2T c

Block 16, 19

Block 12, 15

Yes

Block 14, l?

Strength--_A---_--I '_A---_y/ -'--_" _ult _ Yes

A A _ and/or ' 1

x ,}, SFul t SFviel d

General Instability > ?

B > f (C I C 2, C 3, /.t)2 ETc2C/R Yesmax

max >FNCRP (CI, C3 ' /z,E,

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 4 of 9)



?
4

Calculate Weight

Surface Area : v::(R 1 ¢ R2 ) ::: _(h 2 - hl) 2

- 2C,Tc2 (i - 1)/lengthTavc 4T cZ

(R 2 - R l)2

WT = to(Surface Area)FbTav e

_EIGHT = \_;IGHT- WT

l

/12

(NC(152), EQ.O)

ItXo
Output

) Yes

Corrugation Depth

Corrugation Skin Thickness

Skin Thickness

Ring Spacing

Ring Depth

Ring Flange Width

d c : C1T c

T
c

T s = 2T c

L/i

d r = C2T c

C2Tc/2

52)=

No

[ wGUtiPhttT°tal I

&

Yes

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 5 of 9)

4-117



FCCC =

4-118

Function VCcc(C!, C._, C3,_x)

1
all =4

a22 = 211 + C2:C3]

a33 = 0.75

I dl 1 =I1U12 24 ]
:_ I1 e _( 1 _ C,_'C _d22=C2 ,3C3 _ 3 )]

a [_ ,l - _lla'2 1
= ,$__..._$ 22 11

9aP a22 11d22 - 33da3.J

Q a= La,,<,=2- =a,_:,<,3:_3

i

[ ¢= [dll 4 0.375 _2d3_] . [I/ag2 4 1.33_ 2 .t _4/ali ] I

-- (1+/72 )2+2flz(1._x)(C2/C 3+1)+ (I-IX2) [1+2/72 C2/C 3 (1 _ix)_ /_4 C2/C:I ]

/t2(I - J_21i) i_IRC 9, (1 +_2)2 VR2C22

fi R = 1 + 1/2 + 4¢
¢

• + - + + C22_RS = 1 _2 /32(1 _ix2) (I_RC2 + IDsC1) + /_2 fl U 2 2_ 2 (1 li')] _R 1

1/2 4¢

B4(1 Ii2_RC2_/CI _2 [2(1 +ix) + /32 (1 - li 2] IaS 2 C12
+

2¢ 4¢

I'I 3 = 1 + _sC1/¢1/2+ ( 1 + j2)2 @S C12/4¢

9 C2 [
1 2 _/_2)2 5C1" [ _ ]+ +,4c ,.,:,

2# ' !_3 (1 li 2) + _'-- C-""_ 4C31 j ¢ {_

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 6 of 9)



T

d Input Option
C

Block 5

Its : 2'c1

Block 6

Biock 7

?

Yes

_ Yes

Let tc = tc Mint =2t
s c Min

fi Let ts = t I

s Min
t =.5t
c s .%tin

!
I ,:o I

|

={,=I+, ]

I c+:L°"_h'2tcI

FNCRP (C 1, C 3, u, E, t c) > BMax)

Yes I : I- l

LP: 1

i +:+,oI

E
I

:2 _ :3

= 1 =4

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 7 of 9)
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6

Block 8

_)_ __- _.>_ . .Y
A A

x y

T
I c'_ c'2I

d : c 2 ::-t
F C

Rspac e length/i

Ax : 4to I

Ay : 2t c 1 4 c 2/c8] I

< yield &

SFyield

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 8 of 9)
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t

Panel Bucklin_ Function

Function FNCRP (C 1 C 3, _ E, t )' • C

=N-2

LP : 1 [

I
I _° I

N=N+4]

Problem Can

Not Be Solved

Function Diverges

Calculate Bp, ]_s and N P
cr

Yes _ Block 7

IN =N+I]

[

,I(NC_')_IN : (NcRP)BEG]

' i
I(_._/"_°: _c,__ I
::_ I

I

Figure 4-51. CR2MAS Subroutine Flow Chart (Sheet 9 of 9)
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4.12.2.4 CR1MAS (4)

Value of depth of corrugation for sheet _ with _ rings is out of limits mid equals

The latest number of rings not causing an error will be used in calculation.

Possibly adjust minimum.

4.12. '2.5 CR1MAS (5)

Off optimmn condition will be used for this sheet. If errors 4.12.2. :_ o1" 4. i2. "2.4

occur during an optimization run, this message is printed out to indicate answers are

off optimum.

4.12.2.6 CRIMAS (6)

Input values xx"ill not be held. Optimization will be performed. If errors 4.12.2. :_

and 4.12.2.4 occur during cu_ option run, this message is prinled out and the sheet is

reproccssed in an optimizing run.

4.13 SEMI-MONOCOQUE

4.13.1 DESCRIPTION

This analysis finds the optimum semi-monocoque construction for a particular section

with all ma_xinmm loading conditions aecomlted for which will satisfy both bueMing and

strength requirements. All necessary stringer, flange, and skin measurements are

calculated as well as the weight of each sheet and the total section.

The main routine controls the flow of the prog-ram and the calling of subroutines. Sub-

routines are used to calculate parameters m_(I control most iterative processes.

The input options INA m_(1 INB are used if a specified value is desired for any appli-

cable paa'ametcr. Throughout the execution of the program, these options can change

in number if a value becomes fixed either by bounds or by calculation restraints.

If no INB options are input, calculation begins by determining section properties for

this sheet. An optimizing loop is executed to determine the best value of the effective

modulus of elasticity and its corresponding stress. Based on these parameters, a

sldn thielmcss t is computed for buclding. Strength requirements are examined m_(1 a

skin thielmess for strength is determined (tv).
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t

If.t is greater than t v and tmi n, output values are calculated and checked against their

minimum and maximum bounds. If t v is greatest, t is made equal to the tv and an

iteration begins to determine the best skin thickness to satisfy both buckling and

strength. If tmi n (minimum thickness) governs, t is set equal to tmi n and becomes

the fixed value.

If an error condition occurs, such as a value being too large or too small, it is set to

its closer bound and becomes a fixed parameter.

If a skin or stringer option is indicated (a fixed parameter input) or if there exists a

fixed parameter from the first part of the program, the logic moves on further.

Here an optimizing iteration determines the best efficiency factor (F), modulus of

elasticity and stress level based on this fixed parameter. The value of F is found by

a linear interl)olation h_ Table 4-6.

Testing is again done on the new t versus t v versus tmi n as described above. If t

nm._;t be changed and was originally fixed, it can be changed, but if a second parameter

becomes fixed, calculation of the sheet is abandoned and weight is determined for the

latest values calculated.

Input of the INA options eliminate calculations of certain parameters, and partially

determine values of others, but at no time are these considered "fixed" parameters to

alter the logic of the program.

4.13.2 SUBROUTLNE FUNCTIONS

4.13.2.1 INSEM

Stores input data by option on INA and INB. Tests values against bound and returns.

IERR = 0, no input errors. IERR = 1, an input error occurred.

4.13.2.2 NSECT

Calculates all necessary values for this sheet to initiate processing for buckling and

strength.
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4.13.2.3 LOOP1

Iterates to find a stabilized valueof the effective modulusof elasticity andstress level.

Error messages(seeflow chart) are printed out if thefunction divergesor if a speci-
fied numberof iterations producesno answer. Usually the last values obtainedwill be
usedto continuecalculations.

4.13.2.4 CHKBND

Checks if frame spacing is within bounds.

an alternate return is indicated.

If it is not, it is set to its closer bound and

4.13.2.5 CKBND1

Checks if tf, b, b s, and t s are in bounds. The number of errors are counted, the

parameters are set to the closer bound, and the suitable alternate return is made.

4.13.2.6 LOOP2

Iterates to find a stabilized value of the efficiency factor. Checks the function for di-

vergence or for no solution after a specified number of iterations. The solution of the

efficiency factor is based here on a known parameter. Also calculated are Ep, a, /3,

T, andL.

4.13.2.7 SIEP

Calculates a new stress level based on a newly found efficiency factor.

a new effective modulus of elasticity based on this stress.

Calculates

4.13.2.8 SOLVE

Interpolates in a table of corresponding values of the known parameter and efficiency

factors to determine the value of F. JERR = 0, no error, F found. JERR = 1, F out

of range of table.

4.13.2.9 TBCHK

For the known parameter t, t s, b, or b s, the corresponding values of the other param-

eters are calculated. The values are not final, but are mathematically similar, thus

ratios between them are valid. _- and fl are calculated as these ratios.
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4.1:;.2.10 TCALC

Calculates buckling mid strength parameters, including skin thicknesses necessary to

sustain each.

4.1"_,.2.11 NCALC

Calculates all necessary output parameters, making sure not to recalculate any param-

eters set by options or fixed in the program.

4. t:;.2.12 AOUT

Outputs all sheet data and design_ parameters.

4.1:_.2.1:; BLOCK DATA

Stores the values given in Table 4-6.

Table 4-6

Semi-Monoeoque Glossary of Terms Used in Flow Chart

External

Program Storage Name Description

THICK (N. 10)

THICK (N. _)

THICK (X, 9)

THICK (N, 6)

THICK (N, 7)

THICK (N. ii)

THICK (N, 12)

THICK (N, 13)

SEMI (i)

SEMI (2)

SEMI (3)

SE.XU (4)

BOUND (5)

SESn (5)

bf

b

b
s

t

t
s

tf

df

d
s

Frame height

Stringer pitch

Stringer height

SMn thickness

Stringer thickness

Frame thickness

Frame flange length

Stringer flange length

¥

t
V

t
m

K
x

Average thickness of stringer stiffened panel

Af/L equivalent frame thickness per unit length

Average total thickness of frame and stringer
stiffened panel

Skin thickness necessary for direct strength

requirements

Minimum gage thickness for skin

Ratio of skin thickness to average stringer stiffened
panel thickness t/t"
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Table 4-6

Semi-MonocoqueGlossaryof Terms Usedin Flow Chart (Cont.)

Program Storage

SErif (6)

NSB

N.m(VM

NYVM

SEMI (7) SIG

SITY

SITU

SIOB

$85B

C

FY

FU

FB

FAC

EF

SEMI (8) EP

THICK (N, 14)

R

TAU

BETA

DEN

THICK (5I, 15)

SA

INA

INB

NSHEET

N

0

N

External

Name

K 0

NSB

N
x

N O

(y

aty

_tu

(r
o

o
p r%

C

F
Y

F
u

F b

F

EF

E
P

L

R

T

7

w

SA

INA

INB

NSHEET

N

o

lorn

De scription

Ratio of skin thickness to average frame stiffened

panel thickness t/t +Tf

Maximum buckling

Axial stress resultant for maximum yon Mises

Circumferential stress resultant for maximum
yon Mises

Stress

Tensile yield stress for maximum yon Mises

Tensile ultimate stress for maximum yon Mises

Secant yield stress at 0.7 e

Secant yield stress at 0.85 e

Buckling correction factor

Yield factor of safety

Ultimate factor of safety

Fabrication factor

Efficiency factor

Young's modulus

Effective modulus of elasticity

Frame spacing

Radius of shell

Ratio of t /t
s

Ratio of b /b
s

Material density

Weight/unit surface area

Surface area

Input option for frame

Input option for skin and stringer

Total number of sheets in this section

Sheet counter

Subscript indicating last calculation of a parameter
for comparison

Subscript indicating present calculation for compari-

son in iterating procedures

4-126



Table 4-6

Semi-Monocoque Glossary of Terms Used in Flow Chart (Cont.)

External

Program Storage Name Description

IERR

IERR

TVDIFF

DE LE P
DELF

IERR

JERR

TVDIFF

DELEP
DELF

Error indicator

Error indicator

When iterating, the difference between the last value
calculated and the present value calculated.

4.1:_. 3 ROUTINE TROUBLE SPOTS AND POSSIBLE CORRECTIONS

4.13.,,. "_ I INSEMI (1)

For input option INA =, the input value exceeds bounds. Bound =

4. i:;. :i. '2 INSEMI (2)

For input option INB = . The input value __ exceeds bounds.

Inputs are not in correct range. Alter and resubmit.

Bound =
m"

4.13.3.3 SEMAS {±1

Buckling is the critical design condition for sheet The skin thickness for buckling

is greater than that needed for strength. Not an error printout.

4.13.3.4 SEMAS (2)

The value of T was determined by strength requirements for sheet

strength controls the calculation of parameters.

Indicates that

4.13.3.5 SEMAS (3)

Buckling thickness cannot be made large enough for strength requirements after iter-

ating. T = __, TV = for sheet. Buckling criteria cannot be solved with the

present strength requirements, even though 5 iterations were performed to attempt to

satisfy both. Weight is calculated and logic ceases. The number of iterations can be

increased in the source deck.
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No _ Yes

PRINT

I

I

, +I

I

)

Figure 4-52.

IZntry point to a routine

Retur'n from a routine

Return - is a normal return

Return - 1,2,3, or 4 are non-stmldard returns

Call to a subrouttnw to hr. _'xuc:utwd

A question statement, answered by yes ol no

An indicator answered by tilt' value of the
indicator

A printed output statelllvnt indicating an error

or irllportatlt colldilion

A commenl statement, store statement or

arithmetic equation

|glow chal'l eonnec[ol"

A "GO TO" statement

Beginning of loop Loop is executed until

completed by limits (e.g., I-l, 13) or until

some other statement transfers the program

out of the loop

End- of~loop indicator

Flow Chart Symbols
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Print 7

Two Parameters

Fixed for Sheet N

ICalculale Weightl

-+ --I =_ ] N

Print Out Data

Call EXSEM

flEHR) >

I

I Process Each Sheet ]

N+I ]

I Section for

No INB Input

Parameters

-r=12

= 1.026

_ESOtve for \

p, _, and L_

or Buckling/

all Loop 12'

_L Calculate k

Strength _

arameters/
1 TC ALe]

t < t or t < tm_
r

Figure 4-53.

Set Up Sheet

Parameters

INB=0

Print

Buckling is

the Critical

Design Condition

for Sheet N

_ Compute __._

Unknowns

Call NCALC

SEMMAS Flow Chart (Sheet 1 of 5)
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t > t andt > t .__

m F m

I MinimumThickness

GOVerns

[
t _---- tm IINB = 1

,L

P, eturn __

/_e,_ _0,_....

._Ch,.,:k t_ou,,d o,,

-_CaI1 CItKBN 1) /

Figure 4-5"3. SEMMAS Flow Chart (Sheet 2 of 5)
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Print

t
l The Value Of _ \Vas I

I
iMtermine New Value Of t

Do 175 IZ = 1, 5

Based On t

Call LOOP 2

I
New t V

Call TCALC

I
t - TVSAV

v

TVSAV

I
I
I

I
I

I

I

I

I

I I t_--- tv VDIFF < 0

Print

J Buckling Thickness

Cmmot be Made Large

Enough for Strength

After Iterating

I Calculate IWeight

I Calculate

Weight

Print ?

The Values of

b, bs, ts

Have Been Set by

Limit Values.

Figure 4-53. SEMMAS Flow Chart (Sheet 3 o1 5)
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_-_ INDTV = 1

TVSAV - t vTVDIFF = TVSAV

[NDTV = 1

< Find Value f°r t and tv )Do 345 I'rv = i, 5

Deternlme F, _, r_

Based on Input

Call I.OOP 2 /

Call TCAI.C /

I

t v > tli 1 alld tii 1 > t

t • t m aYld trI 1 _. t v

( TVDIFF _< 01

i

TVSAV <---- t ]
v ItK-----t

v

t _ t
v

Calculatr Weight

Print

Two Parameters

Fixed for Sheet N

Print

Buckling Thtckness

Cannot be Made

Large Enough

for Strength

Afte r Iterating

INB= 1

I

Figure 4-53. SEMMAS Flow Chart (Sheet 4 of 5)
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Print

The Values of Some

Parameters Were Set

by Limit Values. Check

Results for Buckling

for Sheet N

+
_ Return

Prin_

is No_ Large Enough to

Satisfy Strength t <--- t

Requirements and Have v

an Efficient Structure

for Sheet

>-G
t

tf. b, b s, t s

Call CKBND 1

Return

t ,
Cheek Bound On 4
, Call CHKBND /

t .....

Calculate Output >
Parameters

Call NCALC

?
Calculate

Weight

Print

Two Parameters [

Fixed for ]

Sheet N ]

_t

Figure 4-53. SEMMAS Flow Chart (Sheet 5 of 5)
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0

Figure 4-54. INSEM Subroutine Flow Chart
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Length = [1Uppe r - 1 Lower [

1

HAD =2 I rupper + rL°werl
Surface

= SA = 2# RADx Length
Are a

Equivalent

Radius

rLower _ength 2 tLength + (rupper - rLower)

Buckling Values

NXB = I Mmx Buctdingl x S.F

crc_ Found for this Region

a8 5_ at Time When Max

EF) NXB oeeured.

Strength Values

NO_ at Max Von Mises

_t _ Found for this Region
Y_ at Time When Max

_tuJ Von Mises Oecurred

FY}FU Constant Factors

1/2

Figure 4-55. NSECT Subroutine Flow Chart
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(

Epo = EF x C x_

[NA=I )

Loop to Solve for Ep

)DO I00 IT = 1,20

o, and Ep ">

c_l syeP /
!', Lpo, Eps. g)_

DELEP = Epi - Eps [

L=

Value of Ep Diverging

After JT Iterations

Ep = Epo

_=¢I °4

0--< IT=_)-_

DELEP O > 0 _-_

_-'_DE t'E F'I > I)E LE P_ELEP1 < DELEP_ )

LI I'OF [

l

_PE..__O,)--<)Solution Found

o'=o" 1

Ep = Epl

Error too Large ]Conlinue Loop

.
EP° _ EPi I

0"o_- O" i [

DELEPo <-'- DELEPI I

E Epi _ EP° [

Ps 2 I

Print

Maximum Number

of l_er__tio;_s Reached

Values Converging

_/Check Bound on >
Call CHKBN D

Figure 4-56. LOOP1 Subroutine Flow Chart
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LLowe r _ L< l_Uppe r

Print

Value of

L Set to

Limit for

Sheet N

L > Luppe r

_owe r

Figure 4-57. CHKBND Subroutine Flow Chart

4-1:58



Prmt

Va-tle of b

was Set by

1.m_i1 Vahm

ior Sheet X

Set b to Closer I

Bound. { Print
IERR : IERR* 1

INB = 3

t r - t+tf

Weight =

Ytt Fb Surface

x Area

tf > ',f rain

IERR : 0 ]

t

bmi n _ b _ bma x

Vah,e of B5 { _

was Se_ by

!.trait Value

for Shee_ N

Closet" Bound.

IERII IERR * 1

INB 4

Pr m

Value of ts

was Set by

himit Value

for Sheet N

_el ts to Bound

IERR : IERR + 1

INB : 2

Figure 4-58.

tf _._tf rain [

|

tf - 92.46 tf2/L l

b _" b s < b s
stain -- -- max

I
ts > ts min

CKBND1 Subroutine Flow Chart
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L

?
VAL =

12

Ep,(_x_x_/

EpO = EF x C x _l

F = .961

= .219 RFol/2_---_

I

I

q

1
INA= 1 )

Loop to Solve for F, _, v

Do 100 IT = 1, 10

Iw :I,s(_x?xL),2

Ep = Epo_=0' O

INB

VAL =

JERR : 0

1

Calculate N

New F n

Call, Solve /

(VAL, JERR)/

1
JERR j]_---_ L =

?
bsINx_)I

.219 RFnl/2 I

alculate 0" and E k

I
I O_F.=_.-FoI

1

Figure 4-59. LOOP2 Subroutine Flow Chart (Sheet 1 of 2)
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__ELF N > I)elf___DELFN. Delf_

F - F

n

 ERR _.ol )-----@

Solution FOUNP DELF ° = DELF
F=F n

n (FO = (_n

n E Po : E Pn

Ep = Epn F : F
o n

Print [ Print I

__ [MEimum Number ] I Value ofF

R e°afc Ih_e%"at iv°_t e s I I EA ft:r?iI_

[ Converging [ Iterations

X Call CHKBND/

1

Call TBCHK

Figure 4-59. LOOP2 Subroutine Flow Chart (Sheet 2 of 2)
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Nx B x Epo/1 /2x L
]

[o" \FRAC-1)FRAC1 = 1. _ (0.428 FHAC_)

Epx : EF x C [ax/(FRAC1 x FRAC2] 1/2

Figure 4-60. SIEP Subroutine Flow Chart
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Solve For F By

Finding VAL

in Table 3

VAL < VTAB(JNB,1))

Bracket VAL In Table( Do 20 IN =C,17

VAL < VTAB(INB IN)

()

F = FTAB(IN)

P tint

Value of F

Set to Limit

Value and

Equals F

Where VTAB is

Values in Proper

Column for VAL

by Option INB

SLP =

FTAB (IN) - FTAB (IN -1)

VTAB (INB, JN) -VTAB (JNB, IN-l)
F =

FTAB (IN) - SLP (VTAB (INB ,II_ - VAL

Figure 4-61. SOLVE Subroutine Flow Chart
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(

Solve for 8 and r

Corresponding

To F Using
Bracketed Values

from Solve.

REC (INB) = VAI, ]

Do 10 ,INB 1, 4 )
JNB = INB

<05
r

REC (2)
r : a E_d (17

)

SI ,P
VTAB(,INB, IN) - VTAB(,INB, IN - 1)

VTAB(INB, IN) - VTAB(INB, IN - 1)

IIEC(INtl) VTAB(JNB, IN)-SI.P(VTAB(INB, IN-VAL)

REC (4)
B = ----

REC (3)

Figure 4-62. TBCHK Subroutine Flow Chart
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I/2
- - NxBxL
t= t

Ep

INB = 1

K = t/t
X

_f : .01595 (R/L) 2 NxBXLEF

: t/(t * tf)K o

S1 ='_y

Otu

s2 ="t"-
U

S1 > $2

;/2

Calculate Thickness for Strength

t
V

Kx ] 1/21 N .2+ K 2 N 2 _KxKoNxNo
aal 1 x o o

Figure 4-63. TCALC Subroutine Flow Chart
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4-146

df = 65 bf )

INB = 2

INB = 3 _

6

d ---.3b
s s

rT--rf+r
Y L Fb SA

1728

Figure 4-64.

tf= I04 (tfL)I/2

!

_t = 4._7 (_ L) 1/2 I

1

3J/4b c 1.103(N_p * I, F 1/2
I + 1.6 /_v

[$3_'(7.6 + 4.485T]

bs = Ob ]

r
Y is density

SA is surface area

NCALC Subroutine Flow Chart
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 .13.3.6 SEMAS(4)

The specified value of T is not large enough to satisfy the strength requirement and

have an efficient structure for sheet. Same as 4.13.3.5 except t has been input.

4.13.3.7 SEMAS (5)

Two parameters fixed for sheet. Two of the parameters t, ts, b, bs were exceed-

ing limits. Weight is found and calculations abandoned. Ifinput option was specified,

omit, and run optimization. Ifno input option, sem_i-monocoque is not an.efficient

structure.

4.13.3. S SEMAS (6)

The values of B, BS, and TS have been set by limit values. The buckling design is not

optimum and should be checked. Same as 4.13.3.7 except three parameters have been

fixed.

4.13.3.9 SEMAS (7}

The values of some parameters were set by limit values.

for sheet. Same as 4.13.3.8.

Check results for buckling

4.13.3.10 LOOP1 (1}

Maximum number of iterations reached. Values converging. The values are, EP =,

SIGMA =, L =, after __ iterations. No stabilized value of Ep has been found.

Increase number of iterations. The last values calculated will be used and the pro-

gram continued.

4.13.3.11 LOOP1 (2)

Value of EP diverging after iterations. Values assumed are, EP = ,

SIGMA = , L = . The last convergent values will be used for further calculations.

4.13.3.12 LOOP2 (1)

Maximum number of iterations reached. Values converging. The values are, F =,

EP = , SIGMA =, L = after _ iterations. No stabilized value of F has

been found. The last calculated values will be used. If there is an option, eliminate

or increase number of iterations.
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4.13.3.13 LOOP2 (2)

Value of F diverging after _ iterations. Values assumed are, F = _, EP = ,

SIGMA = , L = . The last convergent values will be used for further calculations.

4.13.3.14 SOLVE

The value of F set to limit and equals. F is out of range of the block data table

based on calculated values. This shows that the semi-monocoque construction is not

an efficient structure.

4.13.3.15 CHKBND

Value of L set to limit for sheet.

4.13.3.16 CKBND1 (1)

Value of B set to limit for sheet.

4.13.3.17 CKBND1 (2)

Value of BS set to limit for sheet

4.13.3.18 CKBND1 (3)

Value of TS set to limit for sheet These values are not within the input bounds.

Either change bounds or eliminate this construction.

4.13.4 SEMI-MONOCOQUE IMPORTANT NOTES

4.13.4.1 Efficiency Factor F

Input of t is not recommended since this value is very sensitive while calculating the
s

efficiency factor F. (See data table for finding F.)

4.13.4.2 Fixed Parameters

When two or more parameters are fixed because of iterations or boundary values, the

weight output may be considered inaccurate to + 5 percent. This is because the bound-

ary values may not have been input as values which correspond to each other.
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Table 4-7

Data Table for Finding F when t, t s, b, or b
S

Is Known

Index F

1 0. 9500

2 0.9611

3 0. 9504

4 0. 9292

5 0.9239

6 0.9136

7 0. 9022

8 0. 8862

9 0.8628

10 0.8272

11 0.7733

12 0. 6921

13 0.6000

14 0. 5000

15 0. 4085

16 0. 3200

17 0.2050

!

\N L 3 /
x

0. 6729

0. 7789

0. 9278

1. 1184

1. 1744

1. 2473

1. 3174

1.4277

1. 5554

1. 7579

2. 0600

2.6109

3.350

4. 500

6.00

8.O0

11.00

E 4

s\ N L3J
X

0. 7873

0. 7992

0. 8128

0. 8388

0. 8491

0. 8607

0. 8734

0. 8909

0. 9099

0. 9352

0. 9661

1. 0104

1. 0950

1. 2000

1. 3200

1. 4750

1. 7060

0. 2945

0. 3503

0.4381

0. 5491

0. 5795

0. 6174

0. 6561

0. 7057

0. 7652

0. 8480

0. 9668

1. 1581

1. 3750

1.6800

2. 040

2. 510

3. 200

ts (NxL

0.4049

0.4204

0.4381

0.4393

0.4347

0.4322

0.4264

0.4234

0.4208

0.4240

0.4350

0.4632

0.5080

0.5970

0.7260

0.9070

1.180

J

4.14 INTEGRAL RING AND STRINGER STIFFENED CONSTRUCTION SUBPROGRAM

4.14.1 INTRODUCTION

The subprogram finds the construction parameters that yield a minimum weight inte-

gral ring and stringer stiffened structure to withstand a given loading. Both cylindrical

and conical sections may be analyzed by the same procedure after conical sections are

transformed into equivalent cylinders.

The following method of optimization is used. First, the design characteristics have

been reduced to four nondimensional ratios of certain design parameters, as described

in Appendix N of the user's manual.
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A logical rangeof thesenondimensionalratios hasbeendeterminedby checkoutrunning
e×_perienceonSaturnV class vehicles, andhasbeenbuilt into the present program.
Each rangeis divided up into five discrete values, whichare thenusedto compute
625strength-to-weightratios (for all possible combinationsof thesediscrete values).
The resulting strength-to-weight ratios are thenarrangedin order of descending

magnitude,i.e., largest to smallest.

Thenextstepof theprocedureis to considereachstrength-to-weight ratio for failure
via local instability. Tests are performed for skin buckling, rib crippling, panel
buckling, andviolation of input maximumrib depth. Thegreatest strength-to-weight
ratio is consideredfirst, considering thenext lesser oneif anytest for failure is
violated, until a ratio is foundwhichviolates noneof thetests. This designis then
usedasa basis for the final design. Thefinal designis adjustedsomewhatfor strength

governedcases, andcaseswherecertain manufacturinglimits are violated.

Becauseloadingsvary continuouslyalongthe vehicle stations, a continuouslyvarying

designwouldresult, exceptthat eachstructural unit is divided into a numberof equal
length sheetswhich are eachdesignedto the maximumloading encounteredin their
sheetlength. The sheetdivision proceduredivides eachsectioninto the smallest
numberof equal lengthsheetsallowableunder the input maximumsheetlength.

4.14.2 SUBROUTINESUSED

4.14.2.1 ISRATS

Subroutine that computes the 125 strength/weight ratios, and arranges them in descend-

ing order for testing for failure via local instability.

4.14.2.2 FUNGUS

Subroutine to compute individual values of strength/weight ratios and related param-

eters for a given value of C1, C2, C3, C4. (Also used by ISRATS as a subroutine.)

4.14.2.3 INTERP

Subroutine to interpolate for the values of temperature-dependent material properties.
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iNTSTF

SFU=CN(e} TI_4:PROP(|TNAT,|2)

HOO:FROP(| TNAT,Z) C3NAX:IS.

TSN:FROP(|THAT,I|) kEIGHT:O.O

TRANSFER TO SUBRCXJTINE FOR IVH=LIRIT(ISN,4) NXP=UPD(IV14,2)

ISRAT$ ISN=| ,I+1 t • • - ,NSHEET LSTART=LINIT(ISN,I) NYP=UPD(IVN,3)

LEND:L I Nl T ( | SN _ 2) NX=- SFU*UPD ( I NB, ?)

FOR L=HP/I2S+I J:KR/5÷I TRANSFER TO SUBROUTINE

=2 ,1-1 , • • . ,625 LR=HP-(L-1)'125 I:KR- (J-1)_5*] C3=CC3 (K) FUNGUS

K=LR/2$÷I E| =EEl {I)

CEE= • 58 BW. LT • BWHN

AA=NX/ (A|I*B_

_t_RITE(NTAPE6,1DDI)

Figure 4-65. INTSTF Flow Chart (Sheet 1 of 4)

4-151



VII= SQRT ( (NXP/A| J ) *=2-NXF_Nf P/ (A| J $A22) ÷ (NY P/A22] $_2)

-- AI ! :C2/C3.C!

A22:4.25*C2/C4+Ci

VH:SQRT ( (NXP/A| | ) _, _2-NXF_4NYP/ (AI |'$A22] ÷ (NYP/A22) :¢$2)

TS=C|_BW FIR=|RING

TW= C2_BW C4=$LENT/(F I R_'BW)

BS=C3_'BW BR=C4_BW

IR ING:SLENT/(C4C'eW) +| .

YES YES

TS.GE.TSM.AND,TW.GT.T_ _ T$=TSM

TRANSFER TO SUBRC4JTIN_
INTERP VH:SQRT((NXP/AI1)#_2-NXP_NYP/(All#A22)÷(NYPIA22)_2]

$I GALL=AMIN' (SIGY/SFY . SIGU/SFU) _ VM/BW.GT . $'GALL _

TEMP=UPD (' MB .' 6)_TRANSFER i NTOERS_BROU T I NE_B = 3.2 9,ELN_: :N:'_: : 1,::/_9( |.. NO0, $Z )

Figure 4-65. INTSTF Flow Chart (Sheet 2 of 4)
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GO TO 1189 [

Figure 4-65. INTSTF Flow Chart (Sheet 3 of 4)
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GEE:C! ",.C2/C3*.4.2_*C2/C4

SA=PI t (AB$ (UPD (LSTART ,4) ) ",AOS (UFD (LEND ,4) ) ) tkSQRT ( (ABS (UPD (LSTART ,4) ) -ABS (UPD (L

ET:D ,4) ) ) _,_2÷SLENTt,,_2)

WA I T=$A_GEE.'DI4J'FROP ( I THAT, ! ) _FABX (8)/1728 •

I THICR(ISN,6)=CI,_BW THICK(|SN,IO)=C4_BW
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|SRATT

cczcsi*.as _ ro_ _ cc2ci.,l:cc_,Ii..o_s
cc3cll:z. I "_ "/z:l l.s ...4/ 1 cc3cI+!3=cc3,,+!. I _ ;

/,:l,l+i ..... s/ /,<:l,i+i ..... s/ /,l:l,l+i ..... s/ /i:l,i+i .... s/ "1c3:cc3'KI I *1
/ / l / / [ ,/ " / t C4=CC4 [L) I I

TRANS_[R TO SU_RCXJTIN_N=T+5_(J-Ii÷25#(K-i)+|25_fL-])
FUNGUS

Sk'R IN) =SWRAT I=l tl el _ • • • _62'41

J=ll ,ii+i ,... _625

I S_2R { I ] : 1 St._ (l)

i SVR T=i SWR (i)

Stv'R ( I ) =SWR [ J} ISWR (J] :ISWRT

Figure 4-66. ISRATT Subroutine Flow Chart
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FUNGUN

_f A22=GEE:=AI 1 +4(4.2StC2_C1 JC4)/C4At|:C2/C3_C|A33:.375t,C|.2S_CZ/C4 _11_(C2/3._C1_2/_._C1_C_C2/4._C2t_2_|_+C1)_#2/(4_(C2÷C3eCz)))/C$_AR=4R_2_2$C_BETR=|.25#Ct_44

BET$=(1.+CI)/2.

YBAR=6.1I$C2/(AR+CI$C4}

022=(RI*A_(CETR-YBAR)_')2÷C|_C4$YBAR_2)/C4

p=(A331A22)_(A22COt1-A11¢D22)I(Al[_D2Z-2._A33_D33)

O:(AII/A22)_(A22#DI1-2.#A33_D33)/(AII_D22-2._A33_D33)

SBA_:C2/(CltC_)

RBAR=4.25_C2/(C4$C|)

J

m_ I_ F

_[ OH ! : (0_. I *. 37S*BSa,: O 33+DSQ_'( 2 : D221 * ( | ./A22+. 375 #BSQ/A33+BSQ**2/A! ! )

[ FHI SR=SQRT (PHI)

LAH= (I . *DS_) '_2+2 ._'SSQX' (% , *EC'O) 4' (RCAR+SBAR) ÷ (! . -NCO_'2) X, (SSAR+2. _BSQ#RBAR# SBAR

• (! .+_00) +8SQ_#2_RBAR)

[_ L^I4S = I ' +2 " '_(r_sQ-I_CK)) ;C{ TS_FS 151FH I SR + ( I " _'OSQ) _'#2#BE TS;_2X(PS I S_'W21PHI _

,'PHI

LAHRS:! . -_CK)!,'W2 _-_.._B SQ _ (I . -NO0._ _2) • (FSIR_BETR+FS I S_CETS) /FHI SR+OSQ# (BSQ_' (l .-HO

2.# (I . ÷_!C.D) +BSQ_ (I . -_C)0,_2) ) _BETS'_'_FSI SW"_2) /PHI

---[ Q._ (C2_/C3+! . ! 66_C2_#3/C4 ) ) / EBAR_LANRS)(ZS_,RAT: SQRT"_ FH I $R) +CJ(EFF)/ (2._LAM)_FHI/GEES_#(! . ,,SB.AR_ L AM S * EOAR eL AMR + SBARW_

Figure 4-67. FUNGUN Subroutine Flow Chart
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Figure 4-68. FNCRP Subroutine Flow Chart
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DPRINT

_,_ITi_(NTAPE6plOO2)N, THICK (N,14) ,THtCK (N,6) ,THICK (N,7) ,THICK (N,8) ,TH|CK(N,9) ,TH

ICK (N, 10) ,THICK(N,11) ,THICK (N+12) ,TH|CK(NII3)
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4.o14.2.4 NCRPF

Subroutine to compute panel buckling function via an iterative procedure on buckling

modes. Result used to test for local failure via panel buckling.

4.14.2.5 INTOUT

Subroutine to print out details of construction if specified by input signal.

Table 4-8

Definition of Symbols Used In Flow Chart

NTY

WEIGHT

SFY

CFU

MOO

TSM

TWM

C3MAX

NSHE ET

ISN

IMB

IVM

LSTART

LEND

SLENT

NXP

NYP

NX

M

I

J

K

L

TEMP

Signal that describes type of this section. Section can be handled by
this program (i. e., is a cylinder or cone) only if NTY = - 1.

Final weight returned for this section.

Yield stress safety factor

Ultimate stress safety factor

Poisson's ratio

Minimum skin thickness allowed

Minimum stringer thickness allowed

Maximum allowable value of C3

Total number of sheets that this section has been divided into

The index designating which sheet we are optimizing.

Index of station where maximum buckling load occurs

Index of station where maximum membrane load occurs

Index of station where this sheet begins

Index of station where this sheet ends

Axial length of this sheet

Meridional stress corresponding to maximum membrane load in
this sheet

Hoop load corresponding to maximum membrane load in this sheet

Maximum compressive axial load in this sheet (includes safety factor)

Index of strength/weight ratio presently being considered

Index used in finding value of C1 for strength/weight ratio presently
under consideration

Index used in finding value of C2

Index used in finding value of C3

Index used in finding value of C4

Temperature input to subroutine interp for finding of temperature-
dependent material properties.
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Table 4-8

Definition of Symbols Used In Flow Chart (Cont.)

BW

BWMN

AA

BB

BW_V'_L_

NSIG

SIGALL

VM

DELCI

All

A22

TS

TW

BS

IRING

MR

BR

IT

DC3

IG

IL

SAT

C3N

GEE

SA

WAIT

NC (152)

THICK (I, J)

Stringer depth

Minimum allowable stringer depth

Variable representing actual value of a load parameter when testing

for local instability

Variable representing allowable value of a load parameter when testing

for local instability

Maximum allowable stringer depth

Signal for convergence of panel buckling function

Allowable membrane stress

Variable used to determine if maximum allowable membrane stress

has been violated

Increment used in increasing C1 to increase skin thickness for strength

(membrane load) requirements

Extensional thickness in longitudinal direction

Extensional thickness in circumferential direction

Skin thickness

Stringer thickness

Stringer spacing

Number of rings for this sheet

Floating point form of IRING

ing spacing

Iteration counter for C3 increasing iteration.

Increment on C3 in C3 increasing iteration

Signal used in C3 increasing iteration

Signal used in C3 increasing iteration

Logical variable used in C3 increasing iteration. Indicates whether
C3 is above or below maximum allowable C3 for this configuration

New value of C3 after local instability has been tested.

Weight function value for this configuration

Surface area of this sheet

Weight of this sheet

Signal for printout of detailed output. NC (152) = 1 _ print detailed

output. NC (152) = 0 _ do not print detailed output

where I = 1 to 10, J =1 to 15, is an array used to store the design

specifics of each sheet in the section for output by the printout
routine
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4.'14.3 SPECIALATTENTIONITEMS

Notethat the ring spacingis optimized for eachsheetwithout regard to anyof the
other sheets. Runningexperiencehas shownthat it is usually advantageousto input
sheetlengthgreater thananysection lengthof thevehicle to allow ring spacingto be
optimized for the structural unit as a whole, andthento checkthat no ring spacingis

greater than the manufacturingmaximumsheetlength. This prevents short sheet
lengthfrom interfering with optimumring spacingfor the wholeunit (by the fact that

all sheet joints have a ring around them).

There are the following error returns. "Skin buckling, rib crippling, maximum rib

depth, or panel buckling violated for all values of the strength/weigi_t ratio-weight set

to zero." This message is printed if all strength/weight ratios violate the tests for

local instability. The ranges of C l, C 2, C 3, and C4 considered in computing strength/

weight ratios were chosen with great care to cover any stress level that could con-

ceivably occur (refer to the curves in Appendix N of the user's manual), so this error

return should not happen. If it does happen, check for mistakes in the stresses input

to the subprogram, or change the values of the built-in C1, C 2, C s, and C 4 if they

need changing to cover a very unusual and strange load configuration.

The routine NCRPF computes the minimum value of the panel buckling function N p
er

by an iterative process. In checkout and production rtmning at GE/RSD this function

never had converging difficulties. A maximum iteration limit is built in to cover a

range of n up to 96, where n is the number of full waves in the circumferential direc-

tion. For Saturn class vehicles n is in the range of 10 to 25. In ease of this error

return check input, or increase the iteration limit if needed.
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